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ABSTRACT 
EFFECTS OF HURRICANE DISTURBANCE ON THE STOPOVER ECOLOGY 
OF INTERCONTINENTAL LANDBIRD MIGRANTS IN COASTAL LOUISIANA 
by Emily Johanna Lain 
August 2012 
Few studies have considered the impact of weather events on migratory birds 
during stopover, and essentially none on how hurricanes affect their stopover biology 
during spring passage. About two thirds of eastern North American forest breeding bird 
species migrate twice annually between temperate breeding areas and subtropical and 
tropical wintering grounds, and movement in relation to the Gulf of Mexico (GOM) is a 
conspicuous and important part of that migration system. During inclement weather or 
winds inconsistent with travel direction, migratory birds oft.en/a/lout and concentrate by 
the thousands in forest patches that occur along the northern coast of the GOM. 
Anthropogenic change, hurricanes, sea level rise, and coastal subsidence have greatly 
reduced the amount of coastal forest in this region, which may affect the stopover biology 
of migratory birds. In southwestern Louisiana, coastal cheniere forests are the first 
possible landfall for birds returning north in spring after a nonstop flight (18-24 hr) of 
greater than 1,000 km. Since chenieres serve as important stopover sites for migratory 
birds, disturbances that alter them may affect the ability of migrants to replenish 
important fuel stores to continue migration. This region was severely impacted by two 
recent hurricanes, Rita in 2005 and Ike in 2008. For this thesis I assess the impact of 
these storms on spring migrants at two levels: (1) abundance of birds with similar 
foraging strategies (i.e. foraging guilds) and (2) stopover biology, including fuel 
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deposition rates, of individual migrants. To do so I utilize long-term data collected on 
migratory birds at a study site near Johnson Bayou, which was directly impacted by both 
storms. 
Species were classified into foraging guilds based on the vertical height (i.e. 
canopy/subcanopy, understory, and ground) and foraging substrate (e.g. live foliage, leaf 
litter) where birds were typically observed in chenieres during spring migration. Bird 
mist net capture data, avian transect data, and vegetation survey data collected pre- and 
post-hurricane were examined for changes in response to storm damage to stopover 
habitat. Capture data were also used to assess whether stopover duration (SD) and fuel 
deposition rate (FDR) differed pre- and post-storm for species representatives from 
different foraging guilds. Live foliage-gleaning canopy foragers decreased post-storm 
compared to pre-storm levels yet canopy airspace foragers increased after each storm, 
significantly after Hurricane Ike (p<0.01). Arthropod-foraging understory species 
decreased with each storm and frugivorous understory species increased after Hurricane 
Rita. Ground foraging species that feed in open, grassy areas increased, whereas leaf-
litter foraging species decreased. Although both storms had major impacts on vegetative 
structure, SD and FDR did not differ in line with guild-specific storm-response 
expectations. Migrant abundance by guild pre- and post-storm changed as expected, but 
in most cases the differences were not consistent across all guild members. Even in a 
disturbed landscape migrants appear flexible in their use of habitat and foraging behavior, 
which may not be surprising in light of the variety of habitats and food resources 
intercontinental migrants encounter during migration. 
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CHAPTER I 
MIGRATORY BIRDS, DISTURBANCE, AND THE 
NORTHERN COAST OF THE GULF OF MEXICO 
Introduction 
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Around the world migratory systems are strained or collapsing in the face of 
anthropogenic and natural disturbance events (Wilcove and Wikelski 2008). From 
Mexico's Yucatan Peninsula to the Florida Keys, the majority of coastal forests 
surrounding the Gulf of Mexico (GOM) have been either eliminated or degraded due to 
anthropogenic activities and invasion by exotic species, which may affect the stopover 
biology of migratory birds (Barrow et al. 2000, 2005). An estimated two-thirds of the 
bird species that breed in eastern North American forest migrate twice annually between 
temperate breeding areas and subtropical and tropical wintering grounds (Lowery 1974; 
Keast and Morton 1980). Movement in relation to the ecological barrier presented by the 
GOM is a conspicuous and important part of that migration system (Buskirk 1980; Moore 
1999). Although many birds bypass the coast when migratory conditions are favorable 
(i.e. steady southerly winds) and land in more contiguous forest cover found further 
inland (Gauthreaux 1971, 1972), high volumes of migrants regularly stopover in coastal 
forests ( e.g. Buler et al. 2007). During inclement weather or winds inconsistent with 
travel direction, birds tend to concentrate in these areas (e.g. Moore and Kerlinger 1987; 
Leburg et al. 1996). Sometimes thousands of migratory birds will "fallout" and 
concentrate in forest patches along the northern coast of the GOM ( e.g., Lowery 1945, 
1946; Gauthreaux 1971, 1972; Moore 1999). During the spring return migration, 
millions of birds reach the northern Gulf coast after a nonstop flight (18-24 hr) of greater 
than 1,000 km over the GOM ( e.g. Moore et al.1990). Birds that land along the Gulf 
coast during favorable weather typically have very little or no fat stores, suggesting that 
usually only the most energy-depleted individuals stop there to rest and refuel ( e.g. 
Moore and Kerlinger 1987). This coast is likely to be the first land encountered after a 
trans-Gulf flight during spring migration, and perhaps provides the first opportunity for 
migrants to stopover and refuel before continuing migration to northern breeding 
grounds. During fall migration, the northern Gulf coast represents the last possible 
stopover site for energy acquisition prior to southbound departure towards wintering 
grounds ( e.g. Moore et al. 1995). 
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Migration routes are dynamic, particularly for spring trans-gulf migrants when 
prevailing wind patterns influence where migrants will land ( e.g. Hutto 1985b; 
Gauthreaux and Belser 1999). Since it is rare for birds to visit the same stopover site 
from year to year, the availability of suitable habitat around the northern Gulf coast is 
important. When migrants arrive, circumstances might limit the search for suitable 
stopover habitat. For example, birds could land in areas that do not provide adequate 
resources to refuel, or sufficient habitat cover to avoid predation or adverse weather ( e.g. 
Hutto 1985a, 1985b; Lindstrom 1989; Moore and Kerlinger 1987; Moore et al. 1990; 
Moore and Simons 1992; Moore et al. 1995; Petit 2000). Furthermore, since competition 
is sometimes high at stopover sites (Moore and Yong 1991 ), forest fragmentation could 
further concentrate migrants in existing forest patches and increase competition for 
available resources. During migration birds are faced not only with the high energetic 
cost associated with long-distance flight and the need to rest and refuel as quickly as 
possible, they also must avoid predators, adjust for potential orientation errors, and 
compete for limited resources with other migrants and resident birds (see Moore et al. 
1995). Considering the considerable anthropogenic loss of coastal forest cover, which is 
important for the successful migration of many songbirds, it is important to investigate 
how migrants are affected by natural disturbances such as hurricanes. 
Coastal Stopover Habitat and Cheniers 
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The northern coastal landscape of the GOM consists of a patchwork of small, 
isolated forest patches bordered by beach, marsh, prairie and pasture, as well as 
residential, agricultural and commercial developments ( e.g. Moore 1999; Barrow et al. 
2000). Southwestern (SW) Louisiana is dominated by open grassy marsh and wet prairie; 
with forests occurring mainly on slightly raised, well-drained, narrow and elongated 
ridges called cheniers ( e.g. Moore 1999). The name chenier comes from the Cajun 
French word chene, meaning Oak, and the literal translation of the term is oak grove 
since the landform is named for the forest type (spelled cheniere) often found on these 
landforms (e.g. Owen 2008). Cheniers differ in geological origin, but those in SW 
Louisiana are relict beach ridges, or ancient Gulf shorelines (McBride et al. 2006; Owen 
2008). They occur coastally throughout Louisiana's Chenier Plain and are most prevalent 
in the southwestern part of the state and southeast Texas. Cheniers can extend up to 50 
km long, ranging between 30-450m wide, with elevations of 1-3m; and are typically 
oriented parallel with the coast (Byrne et al. 1959; Otvos and Price 1979). Chenier 
forests (hereafter referred to as chenieres ), are typically dominated by Southern 
Hackberry or Sugarberry (Ce/tis /aevigata) in the canopy, but typically also include Live 
Oak (Quercus virginiana), Honeylocust (Gleditsia triacanthos) and sometimes Red 
Mulberry (Marus rubra), Pecan (Carya illinoensis), and others (Neyland and Meyer 
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1997). There is much regional variation between ridges in woody species composition, 
which is partially attributable to current and historic human influences over the past 
couple centuries as well as forest age (Neyland and Meyer 1997). Research conducted in 
coastal Louisiana chenieres (Barrow et al. 2000) found that the vegetation species used 
most abundantly by migrating birds include Hackberry and Green Hawthorn (Crataegus 
viridis), as well as vine tangles and plants that provide fruit and/or flowers such as Red 
Mulberry and Hackberry, which are some of the only species fruiting and/or flowering 
during spring migration. It was also noted that Toothache Tree (Xanthoxylum c/ava-
herculis), which once was abundant throughout the Chenier Plain and now seems to be 
disappearing, is also an important species for birds en route as it reportedly hosts a high 
diversity of insect species throughout the year. If the forest is relatively undisturbed and 
is not over-grazed by cattle or White-tailed Deer ( Odocoileus virginianus) there often is a 
well-developed understory consisting of a high diversity of shrub and vine species, 
whereas more heavily disturbed forests tend be dominated by non-native species like 
Chinese Tallow (Sapium sebiferum), among others. Since their formation between 2,800 
to less than 300 years ago (Gould and McFarlan 1959), chenieres have also been 
impacted by hurricanes and tropical storms (Nichols 1959). Since chenieres have been 
able to persist in the coastal environment despite various disturbances, they appear to be 
somewhat resilient. On the other hand, the combination of recent storm impacts together 
with various anthropogenic influences could put additional stress on these natural 
communities and the organisms that depend on them. 
Chenieres often concentrate migrants because they are essentially habitat islands 
bordered by the GOM and otherwise surrounded by open landscapes largely unsuitable 
for use by most transient landbirds ( e.g. Gauthreaux 1971, 1972). Located in 
southwestern Louisiana and southeastern Texas, where the concentration of birds during 
migration is consistently high, chenieres serve as important stopover sites for songbirds 
during migratory passage ( Gauthreaux 1971, 1972; Moore et al. 1990; Barrow et al. 
2005r Given their relatively small size, isolation, and coastal location, these forests 
habitats are susceptible to changes resulting from disturbances such as hurricanes, 
invasive exotic plants, cattle grazing, and anthropogenic activities including industrial 
and residential development, conversion into pasture and croplands, and gas exploration 
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( e.g. Barrow et al. 2000). In coastal Louisiana. the loss of and damage to forest cover is 
further exacerbated by natural disturbances such as hurricanes, sea level rise, and coastal 
subsidence. These aforementioned disturbances have significantly reduced the amount of 
forest cover that historically occupied cheniers ( e.g. Barrow et al. 2000). Although 
cheniere forests were never extensive, estimates of historic coverage range from about 
100,000 to 500,000 acres in Louisiana, which has been reduced by 2-10% to only 2,000 
to 10,000 acres (Smith 1993). Because coastal forests serve as important stopover sites 
for migratory birds, disturbances that significantly alter them could affect the ability of 
migratory birds to successfully replenish depleted fuel stores. 
Hurricanes and Their Effects on Migratory Birds 
Most studies related to hurricane impacts on migratory birds have focused on 
either the direct effects on migrants when these storms coincide with fall migration ( e.g. 
Rotenberry et al. 1995; Butler 2000; Dobbs et al. 2009); or their effects on migrant-
habitat relations when wintering in the tropics ( e.g. Waide 1991; Wunderle et al. 1992; 
Wunderle 1995). Although hurricanes and other storms can significantly impact 
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populations of migratory birds through direct mortality ( e.g. Rotenberry et al 1995; 
Wiedenfeld and Wiedenfeld 1995; Butler 2000), migrant populations could potentially be 
more affected by the indirect effects of these disturbances on stopover or wintering 
habitat (e.g. Waide 1991; Wunderle et al. 1992; Rotenberry et al. 1995; Barrow et al. 
2007). For example, spring migrants could be affected by post-storm habitat changes that 
impact food availability, or alter the structural habitat features that provide shelter from 
predators and adverse weather. Studies have revealed that migrants select habitat patches 
where preferred food types are most abundant (e.g. Chernetsov 1998), and those with 
sufficient vegetation cover to provide refuge from predators (Lindstrom 1989; Moore et 
al. 1990). Forest fragmentation also increases exposure to weather extremes, as studies 
have shown that birds tend to use dense vegetation during harsh weather ( e.g. Petit 1989; 
Dolby and Grubb 1999). 
The phenology and amount of forest leaf-out could also be impacted by intense 
storms, and when combined with seasonal weather variation could impact the abundance 
and composition of arthropod communities that serve as important food sources during 
migration (Waide 1991). When large amounts of vegetation are removed from a forest, 
the distribution of arthropods tends to become more clumped as some taxa become more 
concentrated on remaining trees (Schowalter 1994). Damage to the forest canopy can 
also affect arthropod communities through microclimatic changes as more light 
penetrates the forest strata, which creates a warmer and drier environment. Life stages of 
arthropods that occur in leaf litter or soil could also be impacted by hurricanes through 
saltwater and scouring from floodwaters. The impact of severe storms such as hurricanes 
can potentially impact bird populations over an extended period of time, as vegetation 
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and arthropods respond to storm damage. Additionally, vegetation that is not 
immediately killed may suffer delayed mortality or extreme stress resulting from storm 
damage, followed by insect damage as well as drought conditions. All of these factors 
combined illustrate that the effects of hurricanes are complex and potentially long-lasting, 
and could impact bird populations long after a storm has passed. 
A study that was conducted soon after Hurricane Rita comparing chenieres with 
different degrees of storm damage reveal that insectivorous migrant foraging behavior 
differed between sites (Dobbs et al. 2009). Significant decreases in live foliage, the 
preferred foraging substrate by migrants, at the severely damaged site corresponded with 
a decrease in food availability, which likely explains the difference seen in substrate use 
between sites. Results of a field study that focused on the effects of large-scale cheniere 
understory removal on migrants due to heavy cattle grazing suggest that these changes 
led to differences in habitat use among some migratory birds (Barrow et al. 2000). 
Although most species were flexible in habitat use across sites, others avoided areas of 
the cheniere with significantly reduced understory vegetation. Similar patterns were 
observed on tropical wintering grounds where forest was converted to pasture- migrants 
were less abundant in cleared and mowed areas but were more abundant and diverse in 
more structurally complex habitats (Saab and Petit 1992). These examples illustrate 
possible ways that disturbance to stopover habitat can affect migratory songbirds. 
Hurricane History for SW Louisiana 
Since the early 1800s, SW Louisiana has been directly impacted by 12 hurricanes, 
with 5 of them classified as major storms (classified as Category 3 or greater on the 
Saffir-Simpson Hurricane Scale) (Table 1 ). It should be noted that this table only 
includes hurricanes that directly impacted southwestern L~uisiana or extreme southeast 
Texas, and potentially affected stopover habitat at the cheniere study site. Since a long-
term migration research station was established near Johnson Bayou, Louisiana in 1982 
two major hurricanes directly affected the study area (Table 1, Figure 1 ). 
Table 1 
Hurricanes that made landfall near Johnson Bayou between 1800 and 2011 
Storm name Landfull date Category at U.S. landfull Landfull bcation 
Racer's Storm 10/5/1837 Unknown Cameron, LA 
Nwnber4 9/12/1865 2 John.son Bayou, LA 
Nwnber3 9/14/1882 2 Sabine Pass, TX 
Nwnber l 6/13/1886 2 Sabine Pass, TX 
Nwnber 10 10/12/1886 3 Sabine Pass, TX 
Nwnber l 8/6/1918 3 Cameron, LA 
Nwnber2 8/14/1938 1 Cameron, LA 
Number2 8/6/1940 1 Cameron, LA 
Audrey 6/27/1957 4 Sabine Pass, TX 
Bormie 6/26/1986 1 Sabine Pass, TX 
Rita 9/24/2005 3 John.son Bayou, LA 
Ike 9/13/2008 nearly 3 Point Bolivar, TX 
Note. Category classification is with the Saffir-Simpson Hurricane scale. Information obtained from the National Oceanic and 
Atmospheric Administration and the National Weather Servise. 
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Figure I. Storm tracks for Hurricanes Rita and Ike, which affected the long-term 
migratory bird research station operated by the University of Southern Mississippi 
near Johnson Bayou, Louisiana. The approximate location of the study site is 
indicated with a star. Map created by T. J. Zenzal. 
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On 24 September, 2005, Hurricane Rita made landfall near the Texas-Louisiana 
border, with storm surge reaching 15 feet in areas near Johnson Bayou, and hurricane 
strength winds extending further than 150 miles inland (Knabb et al. 2006). After 
reaching Category 5 intensity over the Gulf, the storm decreased to Category 3 before 
landfall, and caused widespread damage. On 13 September, 2008, Hurricane Ike caused 
extensive damage to southeastern Texas and southwestern Louisiana, where Johnson 
Bayou and surrounding areas were severely affected by the associated storm surge. This 
storm reached Category 4 strength over open Atlantic waters before it made landfall at 
nearly Category 3 intensity along the upper Texas coast (Berg 2009). Hurricane Ike was 
immense in size, with flood water levels characteristic of Category 4 storm affecting most 
10 
of the U.S. Gulf coast. Nearly all of coastal Cameron Parish was inundated, with flood 
waters extending inland as far north as Lake Charles. Storm surge levels reached about 
10-13 feet along the SW Louisiana coast and near the Texas border. Hurricane Ike 
caused widespread damage to the region, primarily resulting from significant storm surge 
and wave damage. 
With two recent major hurricanes impacting a region that is known to provide 
important stopover habitat for migrating birds, the opportunity exists to investigate their 
impacts. Few studies have focused on the impact of weather events on migratory birds 
during stopover, and none on how hurricanes may affect the biology of migratory birds 
during passage. The purpose of this study was to examine the effects of hurricanes on 
spring migratory birds through post-hurricane changes in stopover habitat. The impact of 
Hurricanes Rita and Ike on spring migrants was assessed at two levels: (1) abundance of 
birds with similar foraging strategies (i.e. foraging guilds) and (2) fuel deposition rates 
and stopover duration of individual migrants. To do so we used data collected since 1993 
on migratory birds at a cheniere study site near Johnson Bayou, which was directly 
impacted by both storms. The following sections provide information on our long-term 
migration study site, and describe changes in vegetation and arthropod abundance before 
and after Hurricanes Rita and Ike. 
Johnson Bayou Study Site and Post-Storm Changes 
The current long-term migration research station (29°45'N, 93°37'W) was 
established on privately owned land in 1993, and has been operated nearly every spring 
migration season, which runs from late March through early to mid-May. It is located 
about 0.8 mi inland from the Gulf coast. The study area is approximately 3.25 ha in size, 
but is part of a larger chenier system that extends about 20-30 miles to the west (Figure 
2). 
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Figure 2. Locations of chenier landforms in Cameron Parish of southwestern 
Louisiana. The star represents the location ofUSM's long-term migration research 
station near Johnson Bayou. Adapted from figure 12 in Penland and Suter 1989. 
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The dominant canopy cover is composed primarily of Hackberry, followed by 
Live Oak, Honeylocust, among others. Cattle grazing occurred regularly in parts of the 
site during the years prior to Hurricane Rita, but this practice has not continued since the 
storm. In addition to studying migrating birds, arthropod abundance is sampled regularly 
throughout the migration season to estimate food availability for migrants. Detailed 
vegetation sampling was completed in 1995, and again in 2010, which provided the 
opportunity to compare vegetation composition and structure before and after Hurricanes 
Rita and Ike. Researchers from the National Wetlands Research Center (NWRC) of the 
United States Geological Survey (USGS) surveyed habitats across SW Louisiana 
12 
immediately following Hurricane Rita, including our cheniere study site (Barrow et al. 
2007). During post-storm visits to cheniere sites in Cameron Parish all sites had storm 
debris and/or sediment deposition, with the study site receiving about 0.5 inches of sandy 
sediment covering the ground. Saltwater inundation lasted several weeks, and leaves on 
all trees were either stripped off or killed by wind and/or salt spray. At the study site 
some trees had fallen or were leaning, and many others were highly damaged with most 
of the vine tangles stripped off. On the ground, leaf litter not covered with sediment 
often was scoured out and the debris wrack, which contained some garbage, was an 
estimated 2-3m high. Arthropod surveys completed one month post-Rita revealed that 
food resources for migrants were strongly impacted. Additionally, vegetation surveys 
detected fruit production by some plant species, whereas many others were either 
damaged or destroyed. Normalized Difference Vegetation Index (NOVI) data, which 
typically is used to asses vegetation density and overall health, was assessed for the 
region for the months after the storm. These analyses detected decreases in canopy 
foliage resulting from the intense winds and saltwater surge. Lastly, remaining live 
hackberry trees at the study site were cored to estimate their age, and it was determined 
that most were between 31-35 years old. These estimates suggest that most trees at the 
study site began life around 1970, which indicates a relatively even-aged forest that most 
likely originated after Hurricane Audrey in 1957. These observations suggest that 
chenieres can regenerate after near or complete destruction. 
Vegetation sampling was conducted at the study site in 1995, and again in 2010, 
which offered an opportunity to compare vegetation composition and structure of the 
cheniere before and after both Hurricanes Rita and Ike. With pre-storm data being 
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collected 10 years before the first hurricane, we also must recognize that changes 
between 1995 and 2010 data reflect not only changes resulting from the storms, but also 
successional and land use changes over time. Cattle grazing was a common annual 
occurrence until Hurricane Rita, after which this practice has not occurred at the study 
site. The different vegetation parameters that were sampled include: woody species 
(trees, shrubs and vines) stem tally by diameter class and species in the subcanopy and 
canopy layers, as well as estimations of percent cover within both the understory and 
ground layers. 
During and after the spring migration (late March-mid-May) seasons of 1995 and 
2010, the site was divided into a grid system of2 x 12 25 m2"blocks" each designated 
with a unique identification number and divided into 25 5m square sampling quadrats 
that were surveyed systematically (Figure 3). Techniques used to measure the vegetation 
were adapted from procedures described by James and Shugart (1970). The following 
sections describe the methods used for data collection, as well as results of analyses used 
in comparing the both the vegetation and arthropod communities before and after 
Hurricanes Rita and Ike. Each vegetation parameter was statistically analyzed at the 25m 
block level, using pairwise comparisons with the Wilcoxon rank sum test. 
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Figure 3. Grid system used for vegetation sampling of cheniere forest, consisting 
of24 blocks that are 25m2 in size. Each 25m2 block is composed of25 5m2 
sampling quadrats. Small black squares in the top diagram represent arthropod 
sampling locations. For bottom diagram, small black circles represent 2010 vertical 
vegetation density sampling plots, with small black "x"s for understory and 
groundcover plots. 
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Woody species stem tally by species and diameter class. For each 25m block, all 
live and dead stems were tallied by diameter class (cm) for woody tree, shrub and vine 
species with heights of 1.5m or higher. The diameter size class categories are as follows: 
0-5, >5-20, >20-45, >45-60 and >60. The average number of both live and dead tree and 
shrub stems was compared at the site level, as was also done for several tree species 
(Hackberry, Live Oak, Honeylocust, Red Mulberry, and Chinese Tallow). The number 
of shrub and tree stems was much lower after Hurricanes Rita and Ike, with the exception 
of those between 45 and 60 cm (Figs.4-5). In all size classes except the smallest, the 
number of dead stems was higher and nearly all woody vines died after the storms (Figs. 
4-7). 
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Figure 4. The mean number of 0-20 cm tree and shrub stems, live and dead, before 
(1995) and after (2010) Hurricanes Rita and Ike. Double asterisks indicate statistical 
significance of p less than 0.0001. 
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Figure 5. The mean number of20-60+ cm diameter tree and shrub stems, live and 
dead, before (1995) and after (2010) Hurricanes Rita and Ike. Single asterisk 
indicates statistical significance of p less than 0.05. Double asterisks indicate 
statistical significance of p less than 0.0001. 
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Figure 6. The mean number of :S 5 cm diameter vine stems, live and dead, before 
(1995) and after (2010) Hurricanes Rita and Ike. Single asterisk indicates statistical 
significance of p less than 0.05. Double asterisks indicate statistical significance of p 
less than 0.0001. 
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Figure 7. The mean number of 5-20 cm diameter vine stems, live and dead, before 
(1995) and after (2010) Hurricanes Rita and Ike. Double asterisks indicate statistical 
significance ofp less than 0.0001. 
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Stem tally for tree species by diameter class. The number of live Hackberry 
stems in all size classes decreased after the hurricanes, with the number of dead trees 
1increasing in all size classes except the smallest (Figure 8). The number of Live Oak 
I 
stems was similar for most size classes, with slightly more larger trees post-storm and 
I 
~ess of the smallest size stems (Table 9). This species was not as impacted by the 
17 
hurricanes, with almost no dead stems tallied for medium and large-sized trees. There 
was an increase in the number of Honeylocust stems, both live and dead, across all size 
classes (Table 10). Nearly all Red Mulberry trees were destroyed by the storms, with 
sharp decreases in live stem tally across most size classes, and many dead stems were 
tallied (Table 11 ) . There was an increase the abundance of live Chinese Tallow trees for 
all size classes except the smallest, with similar numbers of dead stems for all sizes 
(Table 12). 
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Figure 8. The mean number of Hackberry stems by diameter class, live and dead, 
before ( 1995) and after (2010) Hurricanes Rita and Ike. Double asterisks indicate 
statistical significance of p less than 0.0001. 
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Figure 9. The mean number of Live Oak stems by diameter class, live and dead, 
before (1995) and after (2010) Hurricanes Rita and Ike. Double asterisks indicate 
statistical significance of p less than 0.0001 . 
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Figure 10. The mean number of Honeylocust stems by diameter class, live and dead, 
before (1995) and after (2010) Hurricanes Rita and Ike. Single asterisk indicates 
statistical significance of p less than 0.05. Double asterisks indicate statistical 
significance of p less than 0.0001. 
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Figure 11. The mean number of Red Mulberry stems by diameter class, live and dead, 
before (1995) and after (2010) Hurricanes Rita and Ike. Single asterisk indicates 
statistical significance of p less than 0.05. Double asterisks indicate statistical 
significance of p less than 0.0001 . Single asterisk indicates statistical significance of p 
less than 0.05. 
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Figure 12. The mean number of Chinese Tallow stems by diameter class, live and dead, 
before (1995) and after (2010) Hurricanes Rita and Ike. Single asterisk indicates 
statistical significance of p less than 0.05. 
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Understory. In 2010, four 5 m quadrats were established in designated locations 
of each 25m block (Figure 3). Within each Sm quadrat, the percent cover of all 
understory (height 0.5-1 .Sm) vegetation was visually estimated by species and life form 
(i.e. tree, shrub, vine, grass-like plants and debris), with debris including dead vegetation. 
In 1995, all 25 Sm quadrats were sampled, so to compare datasets, four quadrats were 
randomly subsampled from 1995 datasets. The average percent cover for each parameter 
was compared between years at the site level. 
The percent cover of most understory components increased, with the amount of 
herbaceous species and dead vegetation nearly quadrupling and small trees and shrubs 
I 
nearly doubling (Figure 13). There was lower percent cover of vines in the understory 
after the storms. 
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Figure 13. Mean percent cover of understory vegetation between 0.5-1 .5 m height 
before ( 1995) and after (2010) Hurricanes Rita and Ike. Double asterisks indicate 
statistical significance of p less than 0.0001. Single asterisk indicates statistical 
significance of p less than 0.05. 
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Ground cover. In 2010, ground cover was estimated in the same four Sm quadrats 
used for understory samples. For each Sm quadrat, the percent cover was visually 
estimated for the following variables: vegetation, bare ground, leaf litter and fallen 
debris. In 1995, all 25 Sm quadrats were sampled, so to compare datasets, four quadrats 
were randomly subsampled from 1995 datasets. The average percent cover of each 
ground cover variable was compared between years at the site level. 
Except for an increase in fallen debris, most ground layer components did not 
experience large-scale change, with the amount of plant cover, leaf litter and bare ground 
slightly lower after the storms (Figure 14 ). 
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Figure 14. Mean percent cover of measured ground cover (0.0-0.5m tall) components 
before ( 1995) and after (20 I 0) Hurricanes Rita and Ike. Double asterisks indicate 
statistical significance of p less than 0.0001. Single asterisk indicates statistical 
significance of p less than 0.05. 
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When changes across all of the above described vegetation parameters were 
analyzed with a multiple response permutation procedure comparing the differences in 
pre- and post-storm data with randomizations occurring within storm treatment, the 
overall vegetation community was significantly different (Observed A= 0.2785, p = 
0.0002). When plotted in an ordination using nonmetric dimensional scaling using two 
axes, it reveals that higher vegetation density, vines, and canopy and subcanopy shrubs 
and small trees were most prevalent in 1995, whereas woody understory species and dead 
vegetation of all types and sizes were more abundant in 2010 (Figure 15). 
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Figure 15. Results of nonmetric multidimensional scaling ordination on 
vegetation parameters before (PRE) and after (POST) Hurricanes Rita and Ike in 
1995 and 2010. Gray dots represent pre-storm and black dots post-storms. 
Distances between points represent relative differences in vegetation community 
parameters. Ellipses indicate 95 percent confidence intervals associated with pre 
and post hurricanes. Stress = 0.08. (T=trees, V=vines, W=smaller trees and 
shrubs with "D" for dead stems, DENS is for vertical vegetation density in canopy 
(Can), understory (Und), ground (GRD), and overall (Total); GRD are for 
groundcover categories, bare ground (BG), leaflitter (LL), and vegetation (VEG); 
UND is for understory percent covers by category with dead vegetation (DEAD), 
trees and shrubs (WOODY), vines (VINE), and herbaceous species (HERB). 
Numbers indicate size classes for woody stem tally data. 
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Arthropod sampling. Arthropod sampling was conducted during each spring 
migration season (late March to mid May) since 2005 approximately once each week to 
estimate the abundance of food available to migrants throughout migration. Samples 
were identified from branch clippings (Cooper and Whitmore 1990) taken from randomly 
selected trees of three species (Hackberry, Live Oak, and Honeylocust) located near five 
different pennanently established sampling locations (Figure 3). Differences in Pre-
storm sample sizes between species were due to missing records for branch weight 
measurements. Branches were clipped into garbage bags and insecticide was sprayed 
inside the bag before quickly tying the bag closed. Soon after, arthropods were identified 
to order with each length estimated to the nearest centimeter. After air drying, each 
branch was weighed to the nearest 0.5 gram with a Pesola® spring scale. A length-mass 
regression equation that is commonly used for North American arthropods was used to 
estimate arthropod mass from length (Rogers et al. 1976). Then, arthropod mass 
estimates (g) were summed to obtain the total estimated arthropod biomass for each 
branch clipping. giving an estimate of total arthropod biomass per gram of vegetation. 
For Hackberry, the total numbers of branch samples per treatment were 23 for Pre-storm. 
60 for Post-Rita, and 45 for Post-Ike. For Live Oak there were 20 for Pre-storm, 60 for 
Post-Rita, and 45 for Post-Ike. For Honeylocust, there were 14 Pre-storm, 60 Post-Rita, 
and 45 Post-Ike. 
Since arthropod data were non-normal due to insect size skewing towards small 
size classes, they were compared for each tree species using a nonparametric statistical 
test and post-hoc testing when significance was indicated. Arthropod biomass was 
significantly lower for all three tree species during the three year period after Hurricane 
24 
Ike compared to Pre-storm levels (Hackberry: x2 = 13.73, p = 0.002, Live Oak: y; = 
24.63, p = 0.0005, Honeylocust: y; = 33.90, p < 0.0001 , Figure 16). There were also 
significantly fewer arthropods for all three tree species between Hurricanes Rita and Ike 
(Hackberry: p = 0.002, Live Oak: p < 0.0001, Honeylocust: p = 0.0002). There also was 
a significant decrease in arthropod biomass for Honeylocust during the three year period 
after Hurricane Rita (p < 0.0001). 
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Figure 16. Mean arthropod biomass (g) per gram of vegetation on branches of 
Hackberry, Live oak and Honeylocust in Johnson Bayou, Louisiana before (2005) and 
after Hurricane Rita (2006-2008) and Ike (2009-2011). Asterisk for post-storm period 
indicates significantly different from pre-storm year. For each tree species there was a 
significant difference between Post-Rita and Post-Ike periods. 
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With significant changes occurring in the overall vegetation and arthropod 
communities after Hurricanes Rita and Ike, it is apparent that the cheniere stopover 
habitat and food resources have changed considerably. These changes are expected to 
have consequences for migratory birds that stopover in disturbed habitat, and the next 
two chapters describe investigation of the impact of hurricane-caused habitat changes on 
migratory landbirds during spring migration. 
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CHAPTER II 
STORM EFFECTS ON MIGRANT ABUNDANCE 
BY FORAGING GUILD 
Introduction 
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Studies suggest that Nearctic-Neotropical avian migrant species exhibit 
preference for particular habitat types or within-habitat features during migration 
(Bairlein 1983; Hutto l 985a,b; Petit 2000; Moore and Abom 2000). Migration research 
on barrier islands of the Gulf of Mexico found that migrants used forested or shrubby 
habitats out of proportion to their availability, with about 70% of observed birds using 
habitats that comprised only 20% of the total amounts present (Moore et al. 1990). 
Within these habitat types, most migrants selected those that higher amounts of 
vegetation cover and taller forest canopy. Furthermore, results of other field studies 
indicate that stopover habitats with greater structural and compositional complexity tend 
to have higher avian diversity and abundance ( e.g. Hutto 1985a, b; Petit 2000). Although 
migratory birds may selectively use some habitat types over others during stopover, there 
is widespread variability within and among species in habitat use (Petit 2000). This 
variability should come as little surprise given the different circumstances encountered 
during migration, such as differences in competitive pressure and the array of vegetation 
types that vary in resource quality and quantity. Yet, a migrant's ability to respond to 
changing circumstances is probably limited and a matter of degree. Moreover, migratory 
birds may not have the luxury of selecting among habitats that vary in suitability because 
of time and energetic constraints (Moore et al. 1995). 
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Habitat disturbance that significantly alters the vegetation community can affect 
food availability, as well as reduce the amount of cover for migrants to avoid predators 
and extreme weather. Large-scale reduction in forest cover also can increase competition 
for available resources between migratory bird species as well as residents (Moore et al. 
1995). All of these factors can affect habitat quality and reduce the amount of suitable 
stopover habitat, which could change the abundance .and distribution of migratory bird 
species. The impact of two major recent hurricanes, Rita and Ike, along the Louisiana 
coast provides the opportunity to investigate whether large disturbances will alter the 
abundance of migrants that use coastal forest habitat. Both the initial and long-term 
impacts of hurricanes might alter the suitability of forested habitat. 
Migration is characterized by a diverse array of species that vary in abundance 
and distribution across and within different stopover habitat types, which is at least 
partially attributable to species-specific habitat preferences as well as food availability 
(e.g. Bairlein 1983; Moore et al. 1995). Petit (2000) summarized several studies in 
relation to foraging guilds (i.e. groups of species that either forage similarly to one 
another or have similar diets), and found a relationship between foraging behavior and 
habitat use. For example, species that usually forage in shrubs during the stationary 
breeding and wintering periods were most abundant in shrubby habitat during migration. 
Birds are well adapted, both behaviorally and morphologically, to habitat which likely 
influences migrant habitat selection and use during passage (Parnell 1969). 
lfNearctic-Neotropical migratory birds prefer certain habitat types or 
characteristics during stopover, then large-scale disturbances that alter stopover habitat 
could affect a bird 's ability to meet the challenges of migration. For example, if forest 
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canopy or shrub cover is greatly reduced, the composition and abundance of food 
resources (i.e. insects and other arthropods, seeds and fruits) available to migrants during 
stopover is likely to change ( e.g. Barrow et al. 2007). Since food availability and 
abundance could potentially be critical for a successful migration, significant decreases 
could influence whether migrants are able to find suitable stopover habitat. If the amount 
of suitable habitat cover is reduced, it could result in fewer migrants that are able to 
successfully stopover in a severely disturbed forest patch. For example, a study that 
focused on the effects of large-scale removal of vegetation from cheniere understory 
detected differential habitat use by certain groups of migratory birds, with those most 
affected including frugivores, nectarivores, dead leaf foragers and early-arriving 
migrants, which were less abundant in areas with reduced understory (Barrow et al. 
2000). If migratory land birds prefer certain habitat types and/or structural features within 
a habitat during stopover, then their abundance would change with response to 
disturbance-related structural changes. The following predictions relate to migrant 
abundance by foraging guild (i.e. canopy/subcanopy, understory, and ground), and are 
based on the assumption that during migration, landbirds prefer certain habitat types 
and/or structural within-site characteristics indicative of suitable stopover habitat. 
Canopylsubcanopy 
There should be a decreased frequency of occurrence of species that typically 
forage in the subcanopy and canopy during migration, except for air space foragers 
typically found in canopy openings. 
Significant loss of canopy and subcanopy vegetation most likely represents a 
decrease in the amount of foraging substrate preferred by canopy and subcanopy foraging 
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species (See Chapter I for details on the study site and post-storm changes). Many of the 
remaining trees were also damaged by the storms, which combined with stress from 
drought conditions that most likely affects the quantity and quality of live canopy foliage 
in post-storm years. Delayed tree mortality also occurred in the years following the 
storms, which could exacerbate the decline in habitat quality; especially for canopy and 
subcanopy foraging species. 
Understory 
Species that primarily feed on arthropods in the understory will have a decreased 
frequency of occurrence, especially in the first year after each hurricane. Species with 
more flexible foraging, such as those that feed on both arthropods and fruit, are not 
expected to be as negatively affected by habitat disturbance. 
The initial loss of live shrub cover after each hurricane may result in less suitable 
habitat for species that glean arthropods from live foliage. This impact may be offset, 
however, by rapid post-storm recolonization of the shrub layer by small trees, shrubs, 
vines and herbaceous species in openings created by the storm. Because of this, perhaps 
the site may become more suitable with each year following the first post-disturbance 
year for understory foraging avian species. On the other hand, if understory foragers 
respond mainly to structural changes in the understory, there will be no significant 
changes in the frequency of occurrence of these species post-storm because the effects on 
migrants from decreased live foliage in the shrub layer may be offset by an increase in 
coarse woody debris (CWD) from fallen trees and other dead or dying vegetation that add 
a structural component to the shrub layer. 
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Ground 
If ground foraging species respond mainly to changes in the amount and 
distribution of leaf litter, the frequency of occurrence of these species will decrease in the 
first year after each storm. The abundance of leaf litter foraging species that feed on both 
fruit and arthropods is not expected to change as much, but those that tend to forage in 
more open, early successional habitats should increase. 
Immediately after Hurricane Rita, and most likely also after Hurricane Ike, leaf 
litter was heavily clumped in some parts of the study site but largely absent in others 
(Barrow et al. 2007) due to the effect of powerful storm waters that scoured the forest 
floor. Changes in leaflitter composition could lead to a decreased abundance ofleaf 
litter foragers in the first year after each hurricane. If the leaf litter supply is replenished 
with each year following the hurricanes, habitat quality would increase for leaf litter 
foragers and potentially support a greater number of individuals of these species at the 
stopover site. Leaf litter foragers that feed on both fruit and arthropods may be positively 
affected by the early successional, post-disturbance vegetation growth and fruit-
production spring-fruiting plant species such as blackberries (Rubus spp.) and nightshade 
(Solanum spp.) during the first few years after the storms. On the other hand, the 
presence oflarge quantities of these fruit types is unreliable because of changing 
successional dynamics and seasonal differences in temperature and rainfall patterns. 
Lastly, ground foraging species usually found in open, scrubby habitats during migration 
may respond positively to the site becoming more open with each storm. Early 
successional seed-producing plants such as grasses typically become abundant in recently 
opened areas in the years after a disturbance, which may lead to an increase in the 
amount of suitable habitat for species in this foraging guild. 
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To address the hypothesis and predictions outlined above, two different datasets 
were used: mist net capture records and avian transect survey data. Both datasets provide 
valuable information on migratory species within the cheniere before and after 
Hurricanes Rita and Ike. Previous research has found mist net capture data to be 
somewhat biased when used for avian abundance estimates, with greater capture 
frequencies observed for species that forage lower in the vegetation strata or for species 
that move at a high rate or long distances within a site ( e.g. Remsen and Good 1996). 
Habitat change can also affect the likelihood of mist net captures. For example when a 
large amount of vegetation is removed and nets become more exposed, it could result in 
fewer captures. Avian transect survey data may not be as biased, however, since post-
storm habitat changes probably do not strongly affect the detectability of birds. Survey 
data may provide a better representation of species found throughout the vertical 
vegetation strata, as there is probably less bias in detection of species found in the canopy 
as well as the understory and ground layers. For this study, mist net capture data from 
nearly every spring migration since 1993 was used in combination with transect survey 
data from several years between 1993 and 2011 . 
Methods 
Data were collected from a long-term research station (29°45'N, 93°37'W) 
located within a coastal cheniere forest near Johnson Bayou, Louisiana. During each 
spring migration seasons from 1993 through 2011, the last week of March through the 
first week of May, birds were captured using 28-30 mist nets (12 x 2.6 m with 30 mm 
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mesh) daily between 0700 - 1600 CST. Three of the nets were canopy nets, which 
comprised of two 12m long nets stacked on top of each other. Net locations and their 
orientation were either very similar or the same throughout most of the years included in 
this study. For each captured individual, the species, sex and age were determined based 
on plumage characteristics (Pyle 1997). For the spring migration seasons of 1993-1996, 
2006, and 2009-2011, birds were also surveyed daily along a 300 meter length transect 
that was 50 meters wide. Surveys were conducted between 0800 and 0900, with the 
surveyor moving at a steady rate so each lasted approximately half an hour. All birds 
seen or heard within the site were tallied and plotted to the nearest five meters on a grid 
on the survey data sheet. 
Species selected for analyses are Nearctic-Neotropical intercontinental migratory 
passerines. Species were divided into foraging guilds based on the vertical height the 
species typically forage (e.g. canopy, understory or ground), and then further subdivided 
based on the foraging substrate(s) and/or food resources used most frequently (Table 2). 
Table 2 
Nearctic-Neotropica/ migratory landbird species classification by foraging guild 
Species by Foraging Guild 
I: CANOPY~UBCANOPY 
Live foliage * 
Chestnut-sided warbler 
Magnolia warbler 
Prothonotary warbler * 
Red-eyed vireo* 
Airspace* 
Eastern wood-pewee 
Eastern kingbird* 
Suspended dead leaf 
Blue-winged warbler 
Scientific Name 
Setophaga pensylvanica 
Setophaga magnolia 
Protonotaria citrea 
Vireo olivaceus 
Contopus virens 
Tyrannus tyrannus 
Vermivora cyanoptera 
Table 2 (continued). 
Species by Foraging Guild 
Bark* 
Black-and-white warbler* 
Arthropod-foraging 
American redstart 
Bay-breasted warbler 
Arthropod, fruit and/or flower-foraging * 
Baltimore oriole * 
Rose-breasted grosbeak * 
Scarlet tanager 
Summer tanager 
Tennessee warbler* 
Yellow warbler 
White-eyed vireo * 
Yellow-billed cuckoo 
II: UNDERSTORY 
Suspended dead leaf 
Worm-eating warbler 
Arthropod-foraging * 
Hooded warbler* 
Kentucky warbler 
Arthropod and fruit-foraging* 
Gray catbird * 
Yellow-breasted chat 
III: GROUND 
Leaf litter arthropod-foraging 
Northern waterthrush 
Ovenbird 
Leaf litter arthropod and fruit-foraging * 
Gray-cheeked thrush 
Swainson's thrush* 
Veery 
Wood thrush * 
Open space arthropod and seed-eating* 
Blue grosbeak 
Indigo bunting* 
Lincoln's sparrow 
Scientific Name 
Mniotilta varia 
Setophaga ruticilla 
Setophaga castanea 
lcterus galbula 
Pheucticus ludovicianus 
Piranga olivacea 
Piranga rubra 
Oreothlypis peregrina 
Setophaga petechia 
Vireo griseus 
Coccyzus americanus 
Helmitheros vermivorum 
Setophaga citrina 
Geothlypis formosa 
Dumetella carolinensis 
Icteria virens 
Parkesia noveboracensis 
Seiurus aurocapilla 
Catharus minimus 
Catharus ustulatus 
Catharusfuscescens 
Hylocichla mustelina 
Passerina caerulea 
Passerina cyanea 
Melospiza lincolnii 
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Note. Adapted from Barrow et al. 2000 along with information from Cornell's Birds of North America species accounts 
(Poole ed. 2005), for a study comparing migrant abundance before and after two major hurricanes (Rita and Ike). Foraging 
Table 2 ( continued). 
guilds are bold. An asterisk indicates species analyzed with both mist net capture data and transect data, whereas those 
without an asterisk were analyzed with capture data only. 
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Classifications were based on foraging observations that were conducted during 
spring stopover in chenieres (Barrow et al. 2000) and information obtained from 
Cornell's Birds of North America species accounts (Poole ed. 2005) on foraging and 
habitat preferences during migration. Many of the species are considered to be foraging 
specialists, which typically forage on only one substrate type (e.g. bark or live foliage). 
Species considered to be foraging "generalists" are those that tend to forage on a variety 
of substrates and/or food types during migration ( e.g. canopy arthropod, fruit and/or 
flower-foragers or understory arthropod and fruit-foragers). Species with a mean pre-
storm capture total ( or detection with survey data) of at least 10 individuals were included 
in analyses, as well as species with a mean pre-storm capture total of less than 10 but 
greater than 10 post-storm. The purpose was to eliminate species that are regularly 
captured in small numbers since abundance changes may not be indicative of a response 
to changes in habitat quality. Pre-storm low capture birds that increased after the storm 
were included in analyses to determine whether some species might have increased with 
post-storm habitat changes. Both mist net capture data and avian transect data were used 
to examine the initial impacts of each hurricane, Rita and Ike, on migrant abundance by 
both foraging guild and species during the first spring migration after each storm. The 
overall change in migrant abundance by guild and species for each three year post-storm 
period as vegetation recolonization progressed over time since each disturbance event 
was analyzed with mist net data. Since transect data availability was limited, the three 
year period after only Hurricane Ike was used to analyze the overall impact of both 
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storms on avian abundance. The following paragraphs detail methods used for analyses 
using these datasets. 
Mist net capture data. Since the migration research period differed somewhat 
between years, mist net capture data were used from 28 March through 6 May of each 
year. For each species and foraging guild by year, the capture rate per 100 net hours was 
calculated by dividing the raw capture total by the total net hours and multiplying that by 
100. For capture data representing pre-storm conditions (1993-2005) for each species 
and foraging guild, the average capture rate was determined for each year and then for all 
pre-storm years. Banding data representing the first spring following each hurricane 
were from 2006 for Hurricane Rita and 2009 for Hurricane Ike. Banding data 
representing the first three years after each hurricane were 2006-2008 for Post-Hurricane 
Rita and 2009-2011 for Post-Hurricane Ike. The average capture rate was calculated for 
each species for each three year post-storm period. A z score was calculated for each 
guild and species to determine whether capture rates changed significantly compared to 
the pre-storm captures. This analysis was conducted on two levels: (1) To look at initial 
hurricane impacts, the z score calculated for the first year after each hurricane (2006 and 
2009) was compared to the pre-storm (1993-2005) mean capture rates, and (2) To 
examine the overall impacts, the z score was calculated for the mean capture rate for the 
first three years after each hurricane (2006-2008 and 2009-2011) for comparison with 
pre-storm mean capture rates. The z score for each of the post-storm treatments was 
compared with the absolute value of the z score critical value at the p < 0.05 level (z > 
1.96) and the p < 0.01 level (z > 2.58) to determine whether any of the post storm capture 
rates deviate significantly from pre-storm averages. 
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Transect survey data. Since the migration research period differed somewhat 
between years, transect data were used for the period from 29 March through 5 May of 
each year. Birds that were observed within the survey grid were included in analyses and 
those detected outside of the survey grid excluded. Due to the relatively small size of 
study site and narrow transect width (25 m on both sides of surveyor), it is assumed that 
most birds were detected within the surveyed area were detected (i.e. detection 
probability of 1) as other studies with similar survey designs have found (Buler et al. 
2007; Rodewald and Brittingham 2007). Furthermore, since detection of birds did not 
decrease with increased distance, adjustments were not made in relation to detection 
probability. Using the same sample size criteria as with mist net capture data, fewer 
species (and thus foraging guilds) were used in analyses with this dataset than with mist 
net capture data (see Table 2, those used are indicated with asterisks). This analysis was 
conducted with nonparametric statistics on two levels: (1) To look at initial hurricane 
effects on the abundance of each species and foraging guild, the pooled raw total for the 
first year after each hurricane (2006 and 2009) was compared to pre-storm ( 1993-1996) 
mean raw total, and (2) To examine the overall effects, the mean raw total for the first 
three years after Hurricane Ike (2009-2011) was also compared to the pre-storm mean. 
Data were pooled from 2006 and 2009 because of low sample sizes for each year. 
Results 
Canopy and Subcanopy: Initial Effects 
Within the canopy and subcanopy foraging guild, the mist net capture rate for five 
out of six subguilds decreased in at least one post-storm year (Table 3). The capture rate 
of both live foliage-gleaning canopy foragers and arthropod-foragers decreased in the 
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first year after each storm, yet canopy airspace foragers increased after each storm, and 
significantly so after Hurricane Ike (p<0.05). 
Table 3 
Results of a z-score analysis on the initial effects of Hurricanes Rita and Ike on the 
capture rate of Nearctic-Neotropical migrant canopy and subcanopy foraging guilds 
Pre-stonn 
(1993-2005) Post-Rita (2006) Post-Ike (2009) 
CANOPY/SUBCANOPY Mean SD Mean SD z Mean SD z 
Live Foliage 0.76 1.02 0.31 0.39 1.11 0.39 0.51 0.92 
Air Space 0.15 0.14 0.32 0.05 1.73 0.40 0.16 2.54* 
Suspended Dead Leaf 0.21 0.15 0.09 NA 0.81 0.17 NA 0.27 
Bark 0.66 0.30 0.38 NA 0.94 0.73 NA 0.25 
Arthropod-foraging 0.28 0.30 0.10 0.07 0.71 0.14 0.13 0.56 
Arthropod, Fruit and/or 
Flower-foraging 0.54 0.55 0.51 0.24 0.10 0.76 0.50 0.83 
Note. Capture rate is per I 00 net hours and the mean and standard deviation are provided for each treatment group with the 
test statistic, Z, given for each post-storm treatment. Guilds without a standard deviation are those with one species 
representative. Asterisk indicates statistical significance at the p < 0.05 level (z > 1.96). 
Across all of the canopy and subcanopy foragers, the capture rate for eleven of the 
eighteen species decreased in at least one of the post-storm periods (Table 4). For live 
foliage forgers, all four species had a lower capture rate in at least one of the post-storm 
years with fewer Red-eyed Vireos and Prothonotary Warblers in both years. Captures of 
air space foragers increased for both post-storm years, with Eastern Kingbird 
significantly higher after both Hurricanes Rita (p<0.05) and Ike (p<0.01) (Table 4). 
Blue-winged Warbler, a suspended dead leaf forager, had a lower capture rate during 
both post-storm years. Black-and-white Warbler, a bark forager, had fewer captures 
Post-Rita but higher Post-Ike. For both arthropod foraging species, there was a decrease 
for at least one post-storm year. Within the arthropod, fruit and/or flower-foraging 
subguild, four out of eight species decreased in at least one of the post-storm years. 
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Within this guild, three species had higher capture rates after each hurricane, with the 
increase for Yellow Warbler statistically significant for both (p < 0.01). 
Table 4 
Results of a z-score analysis on the initial effects of Hurricanes Rita and Ike on the 
capture rate ofNearctic-Neotropical migrant species representatives of the canopy and 
subcanopy foraging guild 
Pre-storm 
(1993-2005) Post-Rita (2006) Post-Ike (2009) 
CANOPY/SUBCANOPY Mean SD Mean z Mean z 
Live Foliage 
Chestnut-sided Warbler 0.16 0.13 0.17 0.07 0.12 0.28 
Magnolia Warbler 0.40 0.48 0.44 0.09 0.20 0.41 
Prothonotary Warbler 0.51 0.44 0.05 1.03 0.09 0.94 
Red-eyed Vireo 1.99 1.33 0.60 1.05 1.15 0.63 
Air Space 
Eastern Kingbird 0.07 0.08 0.29 2.57* 0.51 5.32** 
Eastern Wood-pewee 0.23 0.14 0.35 0.84 0.28 0.33 
Suspended Dead Leaf 
Blue-winged Warbler 0.21 0. 15 0.09 0.81 0.17 0.27 
Bark 
Black-and-white Warbler 0.66 0.30 0.38 0.94 0.73 0.25 
Arthropod-foraging 
American Redstart 0.23 0.20 0.16 0.38 0.23 0.00 
Bay-breasted Warbler 0.33 0.37 0.05 0.76 0.05 0.78 
Arthropod, Fruit and/or Flower-
foraging 
Bahimore Oriole 0.16 0.18 0.43 1.51 0.25 0.51 
Rose-breasted Grosbeak 0.44 0.54 0.51 0.12 0.51 0.13 
Scarlet Tanager 0.47 0.34 0.31 0.47 0.56 0.25 
Summer Tanager 0.85 0.40 0.45 1.00 0.82 0.07 
Tennessee Warbler 1.26 0.77 1.08 0.24 1.61 0.45 
Note. Capture rate is per I 00 net hours and foraging guilds are bold. The mean for each treatment and the test statistic, Z, is 
given for each post-storm treatment. Standard deviation (SD) is for pre-storm capture. Single asterisk indicates statistical 
significance at the p < 0.05 level (z > 1.96), and double asterisks indicate significance at the p < 0.0 I (z > 2.58) level. 
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Based on transect survey data, six out of eight canopy and subcanopy foraging 
species decreased during the pooled first year post-hurricane (Table 5). Fewer numbers 
of live foliage foraging species were observed after the storms, whereas air space foragers 
increased. Within the arthropod, fruit and/or flower foraging group, two out of the four 
species decreased. 
Table 5 
Results of a nonparametric analysis on the initial effects of Hurricanes Rita and Ike on 
the abundance Nearctic-Neotropical migrant foraging guilds and species representatives 
of the canopy and subcanopy foraging guild detected during transect surveys 
Pooled First Year Post-
Pre-storm Rita and Ike 
(1993-1996) (2006 and 2009) Storm effects 
CANOPY/SUBCANOPY Mean SD Rank sum Mean SD Rank sum s p 
Live Foliage 43.0 30.1 18.0 6.5 5.0 3.0 So)= 3.0 0.06 
Prothonotary Warbler 10.5 10.7 17.5 1.0 1.4 3.5 s(l) = 3.5 0.10 
Red-eyed Vireo 32.5 20.4 18.0 5.5 3.5 3.0 Sol = 3.0 0.06 
Air Space 
Eastern Kingbird 4.3 3.0 10.0 34.5 27.6 11.0 Sol= 11.0 0.06 
Bark 
Black-and-White Warbler 12.0 4.5 15.0 8.0 8.5 6.0 s(l) = 6.o 0.60 
Arthropod, Fruit and/or 
Flower-foraging 106.8 34.6 16.0 64.5 38.9 5.0 Sol = 5.0 0.36 
Baltimore Oriole 8.8 8.1 12.0 13.0 9.9 9.0 s(ll = 9.o 0.36 
Rose-breasted Grosbeak 3.8 2.2 10.0 13.5 0.7 11.0 s(l) = 11.0 0.06 
Tennessee Warbler 52.5 16.5 18.0 11.5 0.7 3.0 s(ll = 3.o 0.06 
White-eyed Vireo 41.8 10.4 15.0 26.5 27.6 6.0 s (l l = 6.o 0.64 
Note. Capture rate is per I 00 net hours and foraging guilds are bold. 1993-1996 represent pre-storm and pooled 2006 and 
2009 represent the first year post-storm. Mean, standard deviation (SD), and rank sum values are provided for each storm 
treatment. For storm effects, the test statistic, S, is provided with the significance value. 
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Canopy and Subcanopy: Three Year Effects 
When the first three years following each storm were combined, the captures for 
three of the five canopy and subcanopy guilds decreased in at least one of the post-storm 
treatments. Captures for both live foliage-gleaners and arthropod foragers decreased after 
both hurricanes, whereas canopy airspace foragers increased after both (Table 6). The 
capture rate for Blue-winged Warbler, a suspended dead leaf forager, did not change 
whereas the Black-and-white Warbler, a bark forager, increased after Hurricane Ike. 
Table 6 
Results of a z-score analysis on the three year effect of both Hurricanes Rita and Ike on 
the capture rate of Nearctic-Neotropical migrant canopy and subcanopy foraging guilds 
Pre-stonn Post-Rita Post-Ike 
(1993-2005) (2006-2008) (2009-2011) 
CANOPY /SUBCANOPY Mean SD Mean SD z Mean SD z 
Live Foliage 0.76 1.02 0.48 0.68 0.69 0.53 0.61 0.59 
Air Space 0.15 0.14 0.19 0.11 0.43 0.28 0.19 1.38 
Suspended Dead Leaf 0.21 0.15 0.22 0.13 0.10 0.22 0.10 0.08 
Bark 0.66 0.30 0.64 0.23 0.04 0.81 0.14 0.51 
Arthropod-foraging 0.28 0.30 0.13 0.08 0.62 0.18 0.10 0.42 
Arthropod, Fruit and/or 
Flower-foraging 0.54 0.55 0.48 0.30 0.22 0.66 0.59 0.45 
Note. Capture rate is per I OOnet hours. The mean and standard deviation are provided for each treatment group and the test 
statistic, Z, is given for each post-storm treatment. 
Across all of the canopy and subcanopy foragers, twelve of the eighteen total 
species decreased in at least one of the post-storm three year periods. For the live foliage 
foragers, three of the four species decreased during both post-storm periods. Both air 
space foragers increased for at least one of the post-storm treatment groups. Both 
arthropod forgers decreased in at least one of the post-storm three year periods. Within 
the arthropod, fruit and/or flower-foragers, four of the eight species decreased during at 
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least one of the post-storm periods whereas three of the species increased during post 
periods, with significantly more captures for Yellow Warblers during both post-storm 
periods (Table 7). 
Table 7 
Results of a z-score analysis on the three year effect of both Hurricanes Rita and Ike on 
the capture rate of Nearctic-Neotropical migrant canopy and subcanopy foraging species 
representatives for each foraging guild 
Pre-storm Post-Rita Post-Ike 
(1993-2005) (2006-2008) (2009-2011) 
CANOPY/SUBCANOPY Mean SD Mean SD z Mean SD z 
Live Foliage 0.76 1.02 0.48 0.68 0.69 0.53 0.61 0.59 
Chestnut-sided Warbler 0.16 0.13 0.15 0.12 0.06 0.20 0.10 0.34 
Magnolia Warbler 0.40 0.48 0.47 0.38 0.16 0.49 0.29 0.19 
Prothonotary Warbler 0.51 0.44 0.12 0.05 0.89 0.16 0.13 0.79 
Red-eyed Vireo 1.99 1.33 1.19 0.54 0.60 1.25 0.09 0.56 
Air Space 0.15 0.14 0.19 0.11 0.43 0.28 0.19 1.38 
Eastern Kingbird 0.07 0.08 0.19 0.09 1.44 0.21 0.26 1.66 
Eastern Wood-pewee 0.23 0.14 0.20 0.14 0.26 0.36 0.07 0.90 
Suspended Dead Leaf 0.21 0.15 0.22 0.13 0.10 0.22 0.10 0.08 
Blue-winged Warbler 0.21 0.15 0.22 0.13 0.10 0.22 0.10 0.08 
Bark 0.66 0.30 0.64 0.23 0.04 0.81 0.14 0.51 
Black-and-white Warbler 0.66 0.30 0.64 0.23 0.04 0.81 0.14 0.51 
Arthropod-foraging 0.28 0.30 0.13 0.08 0.62 0.18 0.10 0.42 
American Redstart 0.23 0.20 0.16 0.05 0.35 0.25 0.02 0.08 
Bay-breasted Warbler 0.33 0.37 0.09 0.09 0.66 0.10 0.10 0.63 
Arthropod, Fruit and/or 
Flower-foraging 0.54 0.55 0.48 0.30 0.22 0.66 0.59 0.45 
Baltimore Oriole 0.16 0.18 0.25 0.17 0.50 0.36 0.17 1.12 
Rose-breasted Grosbeak 0.44 0.54 0.50 0.00 0.12 0.64 0.11 0.36 
Scarlet Tanager 0.47 0.34 0.30 0.09 0.51 0.35 0.18 0.36 
Summer Tanager 0.85 0.40 0.46 0.01 0.98 0.68 0.21 0.43 
Tennessee Warbler 1.26 0.77 1.01 0.06 0.32 1.70 1.14 0.56 
Yellow Warbler 0.12 0.09 0.38 0.18 2.78** 0.50 0.41 4.02** 
White-eyed Vireo 0.82 0.36 0.71 0.43 0.31 0.80 0.37 0.04 
Yellow-billed Cuckoo 0.17 0.13 0.21 0.11 0.25 0.24 0.18 0.53 
Note. Capture rate is per 100 net hours and foraging guilds are bold. The mean is provided by treatment and the test statistic, 
Z, is given for each post-stonn treatment. Double asterisks indicate statistical significance at the p < 0.0 I (z > 2.58) level. 
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For transect survey data, observations for three of the four canopy and subcanopy 
foraging guilds decreased during the three year period following Hurricane Ike, with 
statistical significance for the live foliage foragers (p = 0.03) (Table 8). Seven out of the 
eight total species were less abundant during the three year period after Hurricane Ike, 
with a decrease for both live foliage foragers and significantly so for the Red-eyed Vireo 
(p = 0.04). Three of the four arthropod, fruit and/or flower-foraging species decreased, 
which was significant for the Tennessee Warbler (p = 0.04). Detection of the Eastern 
Kingbird, an air space forager, increased significantly after the storms (p = 0.03), and also 
did for the Rose-breasted Grosbeak, an arthropod, fruit and/or flower-forager (p = 0.05). 
Table 8 
Results of a nonparametric analysis on the three year effects of Hurricanes Rita and Ike 
on the abundance Nearctic-Neotropical migrant foraging guilds and species 
representatives of the canopy and subcanopy foraging guild detected during transect 
surveys 
Pre-Storm Post-Rita and Ike 
(1993-1996) (2009-2011) Storm effects 
CANOPY/SUBCANOPY Mean SD Rank sum Mean SD Rank sum s p 
Live Foliage 43.0 30.l 22.0 11.3 7.1 6.0 s(l> = 6.o 0.03* 
Prothonotary Warbler 10.5 10.7 19.5 3.3 3.2 8.5 s(l> = 8.5 0.21 
Red-eyed Vireo 32.5 20.4 22.0 8.0 4.0 6.0 s(l> = 6.o 0.04* 
Air Space 
Eastern Kingbird 4.3 3.0 10.0 27.7 22.8 18.0 s(l> = 18.0 o.03* 
Bark 
Black-and-White Warbler 12.0 4.5 16.0 11.7 3.2 12.0 s(l) = 12.0 1.00 
Arthropod, Fruit and/or 
Flower-foraging 106.8 34.6 20.0 60.7 31.5 8.0 s(l> = 8.o 0.16 
Baltimore Oriole 8.8 8.1 16.0 8.0 10.6 12.0 s(l> = 12.0 1.00 
Rose-breasted Grosbeak 3.8 2.2 10.5 12.0 5.3 17.5 s(l)= 11.5 o.05* 
Tennessee Warbler 52.5 16.5 22.0 14.7 13.2 6.0 s(l> = 6.o o.04* 
Table 8 ( continued). 
White-eyed Vireo 
Pre-Storm 
( 1993-1996) 
Post-Rita and Ike 
(2009-2011) 
Mean SD Rank swn Mean SD Rank swn 
4 1.8 10.4 19.0 26.0 18.3 9.0 
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Storm effects 
s p 
s(l> = 9.o 0.29 
Note. Capture rate is per I 00 net hours and foraging guilds are bold. 1993-1996 represent pre-stonn and 2009-2011 represent 
the three year period after Hurricane Ike. The mean, standard deviation (SD), and rank sum value is provided for each stonn 
treatment. For stonn effects, the test statistic, S, is provided with the significance value with asterisk indicating significance. 
Understory: Initial Effects 
Across all understory foragers, the capture rate for all three guilds decreased 
during one of the first years after each Hurricane with either no change or an increase for 
the other post-storm year (Table 9). 
Table 9 
Results of a z-score analysis on the initial effects of Hurricanes Rita and Ike on the 
capture rate of Nearctic-Neotropical migrant understory foraging guilds 
Pre-storm 
(I 993-2005) Post-Rita (2006) Post-Ike (2009) 
UNDERSTORY Mean SD Mean SD z Mean SD z 
Suspended Dead Leaf 0.43 0.25 0.05 NA 1.52 0.43 NA 0.04 
Arthropod-foraging 1.05 0.55 0.25 0.16 1.57 0.74 0.36 0.62 
Arthropod and Fruit-
foraging 1.80 1.90 2.55 3.27 0.90 1.65 1.96 0.18 
Note. Capture rate is per 100 net hours. The mean and standard deviation for each treatment group and the test statistic, Z, is 
given for each post-stonn treatment. Guilds without a standard deviation are those with one species representative. 
For the understory arthropod foragers, captures of both species were lower during 
both post-storm years (Table 10). Within the arthropod and fruit-foraging guild, the 
capture rate decreased for both species for both post-storm years, with the exception of 
the Gray Catbird, which increased only after Hurricane Rita. 
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Table 10 
Results of a z-score analysis on the initial effect of both Hurricanes Rita and Ike on the 
capture rate of Nearctic-Neotropical migrant understory foraging species representatives 
Pre-storm 
(1993-2005) Post-Rita (2006) Post-Ike (2009) 
UNDERSTORY Mean SD Mean z Mean z 
Suspended Dead Leaf 
Worm-eating Warbler 0.43 0.25 0.05 1.52 0.43 0.04 
Arthropod-foraging 
Hooded Warbler 1.17 0.66 0.36 1.22 0.99 0.26 
Kentucky Warbler 0.94 0.41 0.14 1.96 0.48 1.12 
Arthropod and fruit-foraging 
Gray Catbird 3.29 1.60 4.86 0.98 3.04 0.16 
Yellow-breasted Chat 0.31 0.32 0.23 0.25 0.26 0.15 
Note. Capture rate is per 100 net hours and foraging guilds are bold. The mean is provided for each treatment and the test 
statistic, Z, is given for each post-storm treatment. Asterisk indicates statistical significance at the p < 0.05 (z > 1.96) level. 
For transect survey data the abundance of Hooded Warblers, the species 
representative for understory arthropod-foragers, decreased (Table 11). For Gray 
Catbird, the sole species representing understory arthropod and fruit-foragers, the number 
of birds observed was slightly higher after the hurricanes. 
Table 11 
Results of a nonparametric analysis on the initial effects of Hurricanes Rita and Ike on 
the abundance Nearctic-Neotropical migrant foraging guilds and species representatives 
of the understory foraging guild detected during transect surveys 
UNDERSTORY 
Arthropod-foraging 
Hooded Warbler 
Pre-stonn 
(1993-1996) 
Pooled First Year Post-
Rita and Ike 
(2006 and 2009) Stonn effects 
Mean SD Rank stun Mean SD Rank stun s p 
19.5 13.5 15.0 11.0 15.6 6.o s<l) = 6.o o.64 
Table 11 (continued). 
Pre-storm 
(1993-1996) 
Pooled First Year Post-
Rita and Ike 
(2006 and 2009) 
Mean SD Rank swn Mean SD Rank swn 
Arthropod and Fruit-foraging 
Gray Catbird 50.0 32.2 14.5 51.0 12.7 6.5 
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Storm effects 
s p 
s(l)=6.5 0.81 
Note. Capture rate is per I 00 net hours and foraging guilds are bold. 1993-1996 data represent pre-storm and pooled 2006 
and 2009 represent the first year post-storm. The mean, standard deviation (SD), and rank sum value is provided for each 
storm treatment. For storm effects, the test statistic, S, is provided with the significance value. 
Understory: Three Year Effects 
Across all understory foragers, the capture rate for each of the three guilds 
decreased during at least one of the post-storm three year periods (Table 12). There were 
fewer captures of arthropod foragers during both post-storm periods. There were fewer 
suspended dead leaf foragers and arthropod and fruit-foragers captured after Hurricane 
Rita, but higher numbers of these species were captured after Hurricane Ike. 
Table 12 
Results of a z-score analysis on the three year effects of both Hurricanes Rita and Ike on 
the capture rate of Nearctic-Neotropical migrant understory foraging guilds 
Pre-storm Post-Rita Post-Ike 
(1993-2005) (2006-2008) (2009-2011) 
UNDERSTORY Mean SD Mean SD z Mean SD z 
Suspended Dead Leaf 0.43 0.25 0.32 0.30 0.45 0.56 0.19 0.56 
Arthropod-foraging 1.05 0.55 0.81 0.78 0.48 0.84 0.41 0.41 
Arthropod and Fruit-
foraging 1.80 1.90 1.59 l.84 0.26 1.99 l.95 0.22 
Note. Capture rate is per I 00 net hours. Mean and standard deviation (SD) are provided for each treatment. The test statistic, 
Z, is given for each post-storm treatment. 
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For understory foragers, there was a decrease in capture rates for all five species 
during at least one of the post-hurricane periods. Within the understory arthropod 
foraging guild capture rates were lower for both species representatives during both post-
storm three-year periods with an exception for the Hooded Warbler, which had a slightly 
higher capture rate after Hurricane Rita (Table 13). For understory arthropod and fruit-
foragers, capture rates were lower for both species during the three year period after 
Hurricane Rita but were higher after Hurricane Ike. 
Table 13 
Results of a z-score analysis on the three year effect of both Hurricanes Rita and Ike on 
the capture rate of Nearctic-Neotropical migrant understory foraging species 
representatives 
Pre-storm Post-Rita Post-Ike 
(1993-2005) (2006-2008) (2009-2011) 
UNDERSTORY Mean SD Mean SD z Mean SD z 
Suspended Dead Leaf 0.43 0.25 0.32 0.30 0.45 0.56 0.19 0.56 
Worm-eating Warbler 0.43 0.25 0.32 0.30 0.45 0.56 0.19 0.56 
Arthropod-foraging 1.05 0.55 0.81 0.78 0.48 0.84 0.41 0.41 
Hooded Warbler 1.17 0.66 1.18 1.01 0.02 1.13 0.25 0.05 
Kentucky Warbler 0.94 0.41 0.43 0.27 1.24 0.55 0.32 0.96 
Arthropod and fruit- 1.80 1.90 1.59 1.84 0.26 1.99 1.95 0.22 
Gray Catbird 3.29 1.60 2.98 1.63 0.20 3.49 1.63 0.12 
Yellow-breasted Chat 0.31 0.32 0.19 0.06 0.38 0.49 0.34 0.53 
Note. Capture rate is per I 00 net hours and foraging guilds are bold. The mean and standard deviation are provided for each 
treatment and the test statistic, Z, is given for each post-storm treatment. 
For transect survey data, there was a decrease in the number of both species 
representatives observed during the three year period after Hurricane Ike (Table 14). 
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Table 14 
Results of a nonparametric analysis on the three year effects of Hurricanes Rita and Ike 
on the abundance of Nearctic-Neotropical migrant foraging guilds and species 
representatives of the under story foraging guild detected during transect surveys 
UNDERSTORY 
Arthropod-foraging 
Hooded Warbler 
Arthropod and Fruit-
foraging 
Gray Catbird 
Pre-Storm 
( 1993-1996) 
Post-Rita and Ike 
(2009-2011) 
Mean SD Rank sum Mean SD Rank sum 
19.5 13.5 19.0 8.3 11.9 9.0 
50.0 32.2 19.5 29.7 22.2 8.5 
Storm effects 
s p 
0.21 
Note. Capture rate is per 100 net hours and foraging guilds are bold. 1993-1996 represent pre-storm and 2009-2011 represent 
the three year period after Hurricane Ike. The mean, standard deviation (SD), and rank sum value is provided for each storm 
treatment. For storm effects, the test statistic, S, is provided with the significance value with asterisk indicating significance. 
Ground: Initial Effects 
For ground-foraging guilds, all decreased after Hurricane Rita (Table 15). Both 
leaf litter foraging guilds also decreased after Hurricane Ike, whereas open space foragers 
increased. 
Table 15 
Results of a z-score analysis on the initial effects of Hurricanes Rita and Ike on the 
capture rate of Nearctic-Neotropical migrant ground foraging guilds 
Pre-storm 
(1993-2005) Post-Rita (2006) Post-Ike (2009) 
GROUND Mean SD Mean SD z Mean SD z 
Leaf Litter Arthropod-
foraging 1.07 0.37 0.90 0.33 0.50 0.72 0.45 1.00 
Leaf Litter arthropod and 
fiuit-foraging 0.82 0.48 0.44 0.19 1.19 0.38 0.15 1.38 
Table 15 (continued). 
Pre-stonn 
(1993-2005) 
Mean SD 
Post-Rita (2006) 
Mean SD Z 
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Post-Ike (2009) 
Mean SD Z 
Open Space Arthropod 
and Seed-eating 0.79 1.14 0.61 0.97 0.52 l.13 1.52 0.94 
Note. Capture rate is per I 00 net hours. The mean and standard deviation are provided for each treatment group and the test 
statistic, Z, is given for each post-storm treatment. Guilds without a standard deviation are those with one species 
representative. 
Within the ground guild, all nine species decreased during at least one of the post-
hurricane years (Table 16). For leaf litter arthropod foragers, there were decreased 
captures for both species during all post-years except for a slight increase in Northern 
Waterthrush after Hurricane Rita. For leaf litter arthropod and fruit-foragers, there were 
decreased captures for all species during both post-storm years, with the exception of 
Gray-cheeked Thrush which slightly increased after Hurricane Rita. The decrease 
observed for Wood Thrush captures was statistically significant after Hurricane Rita (p < 
0.05). For species within the open space arthropod and seed-eating guild, all three had 
lower captures after Hurricane Rita but higher captures after Hurricane Ike. 
Table 16 
Results of a z-score analysis on the initial effect of both Hurricanes Rita and Ike on the 
capture rate of Nearctic-Neotropical migrant ground foraging species representatives 
GROUND 
Leaf Litter Arthropod-Foraging 
N orthem W aterthrush 
Ovenbird 
Leaf Litter Arthropod and Fruit-
foraging 
Gray-cheeked Thrush 
Pre-storm 
(1993-2005) 
Mean SD 
1.07 0.37 
1.06 0.39 
0.56 0.34 
Post-Rita (2006) Post-Ike (2009) 
Mean z Mean z 
1.13 0.15 1.04 0.09 
0.66 1.03 0.40 1.70 
0.57 0.02 0.22 1.02 
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Table 16 (continued). 
Pre-stonn 
(1993-2005) Post-Rita (2006) Post-Ike (2009) 
Mean SD Mean z Mean z 
Swainson's Thrush 0.95 0.52 0.62 0.61 0.51 0.83 
Veery 0.58 0.32 0.25 1.03 0.28 0.93 
Wood Thrush 1.20 0.40 0.31 2.25 0.50 1.79 
Open Space Arthropod and Seed-
eating 
Blue Grosbeak 0.09 0.06 0.03 0.96 0.20 l.77 
Indigo Bunting 2.19 0.99 l.73 0.47 2.89 0.71 
Lincoln's Sparrow 0.11 0.10 0.08 0.31 0.29 1.87 
Note. Capture rate is per l 00 net hours and foraging guilds are bold. The mean is provided for each treatment and the test 
statistic, Z, is given for each post-storm treatment. Asterisk indicates statistical significance at the p < 0.05 (z > 1.96) level. 
Transect data analyses showed decreases in the number of leaf litter arthropod 
foragers observed during each first year post-hurricane, which was consistent for both 
species members of that foraging guild (Table 17). An increase was detected for the 
Indigo Bunting, the open space arthropod and seed-eating species representative. 
Table 17 
Results of a nonparametric analysis on the initial effects of Hurricanes Rita and Ike on 
abundance Nearctic-Neotropical by migrant foraging guild and species representatives 
of the ground foraging guild detected during transect surveys 
Pooled First Year Post-
Pre-stonn Rita and Ike 
(1993-1996) (2006 and 2009) Stonn effects 
GROUND Mean SD Rank sum Mean SD Rank sum s p 
Leaf Litter Arthropod and 
Fruit-foraging 34.0 19.3 18.0 5.0 1.4 3.0 s(l) = 3.o 0.06 
Swainson's Thrush 17.0 10.6 18.0 5.0 1.4 3.0 s(l) = 3.o 0.06 
Wood Thrush 17.0 10.4 18.0 0.0 0.0 3.0 So) = 3.0 0.06 
Table 17 ( continued). 
GROUND 
Open Space Arthropod and 
Seed-eating 
Indigo Bunting 
Pre-storm 
( 1993-1996) 
Pooled First Year Post-
Rita and Ike 
(2006 and 2009) 
Mean SD Rank sum Mean SD Rank sum 
42.0 20.0 13.0 59.0 49.5 8.0 
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Storm effects 
s p 
S(t) = 8.0 0.64 
Note. Capture rate is per I 00 net hours and foraging guilds are bold. 1993-1996 represent pre-storm and pooled 2006 and 
2009 represent the first year post-storm. The mean, standard deviation (SD), and rank sum value is provided for each storm 
treatment. For storm effects, the test statistic, S, is provided with the significance value. 
Ground: Three Year Effects 
For all of the ground foraging guilds, a decrease was observed for at least one of 
the post-storm periods (Table 18). On the other hand, open space foragers increased 
significantly after Hurricane Ike (p < 0.01). 
Table 18 
Results of a z-score analysis on the three year effect of both Hurricanes Rita and Ike on 
the capture rate of Nearctic-Neotropical migrant ground foraging guilds 
Pre-storm Post-Rita Post-Ike 
(1993-2005) (2006-2008) (2009-2011) 
GROUND Mean SD Mean SD z Mean SD z 
LeafLitter Arthropod-
foraging 1.07 0.37 1.07 0.40 0.02 0.65 0.22 1.22 
Leaf Litter arthropod and 
fruit-foraging 0.82 0.48 0.44 0.23 1.17 0.68 0.83 0.43 
Open Space Arthropod 
and Seed-eating 0.79 1.14 0.46 0.61 0.94 1.89 2.84 3.10** 
Note. Capture rate is per I 00 net hours. The mean and standard deviation (SD) are provided for each treatment and the test 
statistic, Z, is given for each post-storm treatment. Double asterisks indicate statistical significance at the p < 0.0 J (z > 2.58) 
level. 
59 
For all nine ground foraging species, there were fewer captures in at least one of 
the post-storm three year periods (Table 19). For both of the leaf litter arthropod foraging 
species, decreases were observed during both post-storm periods except for an increase 
for the Northern Waterthrush after Hurricane Rita. There were fewer captures for all leaf 
litter arthropod and fruit-foraging species for both post-hurricane periods except for an 
increase for Swainson's Thrush after Hurricane Ike. For all three species within the open 
area arthropod and seed-eating guild there were fewer captures after Hurricane Rita but 
more after Hurricane Ike, and significantly for the Indigo Bunting. 
Table 19 
Results of a z-score analysis on the three year effects of both Hurricanes Rita and Ike on 
the capture rate of Nearctic-Neotropical migrant ground foraging species representatives 
Pre-storm Post-Rita Post-Ike 
(1993-2005) (2006-2008) (2009-2011) 
GROUND Mean SD Mean SD z Mean SD z 
Leaf Litter Arthropod-
Foraging 1.07 0.37 1.07 0.40 0.02 0.65 0.22 1.22 
Northern Waterthrush 1.07 0.37 1.41 0.24 0.89 0.72 0.29 0.95 
Ovenbird 1.06 0.39 0.74 0.11 0.83 0.57 0.15 1.27 
Leaf Litter Arthropod 
and Fruit-foraging 0.82 0.48 0.44 0.23 1.17 0.68 0.83 0.43 
Gray-cheeked Thrush 0.56 0.34 0.46 0.13 0.31 0.16 0.06 1.17 
Swainson's Thrush 0.95 0.52 0.54 0.20 0.77 1.30 1.02 0.67 
Veery 0.58 0.32 0.21 0.05 1.14 0.19 0.08 1.20 
Wood Thrush 1.20 0.40 0.56 0.32 1.62 1.08 1.08 0.32 
Open Space Arthropod 
and Seed-eating 0.79 1.14 0.46 0.61 0.94 1.89 2.84 3.10 
Blue Grosbeak 0.09 0.06 0.08 0.05 0.14 0.19 0.04 1.57 
Indigo Bunting 2.19 0.99 1.22 0.45 0.98 5.23 2.70 3.08** 
Lincoln's Sparrow 0.11 0.10 0.09 0.06 0.16 0.25 0.06 1.47 
Note. Capture rate is per I 00 net hours and foraging guilds are bold. The mean and standard deviation are provided for each 
treatment and the test statistic, Z, is given for each post-storm treatment. Double asterisks indicate statistical significance at 
the p < 0.01 (z > 2.58) level. 
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Transect survey data had fewer numbers ofleaf litter arthropod and fruit-foragers 
observed during the three year period after Hurricane Ike, which was significant for the 
Wood Thrush (p = 0.03, Table 20). Significantly more Indigo Buntings, open area 
foragers, were observed (p = 0.03). 
Table 20 
Results of a nonparametric analysis on the three year effects of both Hurricanes JJ.ita and 
Ike on the abundance Nearctic-Neotropical migrant foraging guilds and species 
representatives of the ground foraging guild detected during transect surveys 
Pre-Stonn Post-Rita and Ike 
(1993- 1996) (2009-2011) Stonn effects 
GROUND Mean SD Rank sum Mean SD Rank sum S p 
Leaf Litter Arthropod and 
Fruit-foraging 34.0 19.3 22.0 7.3 7.1 6.0 s (l> = 6.o o.03* 
Swainson's Thrush 17.0 10.6 21.0 5.3 4.0 7.0 S<n=7.0 0.08 
Wood Thrush 17.0 10.4 22.0 2.0 3.5 6.0 s(l>= 6.o o.03* 
Indigo Bunting 42.0 20.0 10.0 91.7 19.6 18.0 s(l> = I 8.o o.03* 
Note. Foraging guilds are bolded. 1993-1996 represent pre-storm and 2009-2011 represent the three year period after 
Hurricane Ike. The mean, standard deviation (SD), and rank sum value is provided for each storm treatment. For storm 
effects, the test statistic, S, is provided with the significance value with asterisk indicating significance. 
Discussion, 
Some differences in migrant abundance were detected between pre and post-storm 
capture rates and transect surveys that were consistent with guild specific storm-response 
expectations. For example, the abundance of canopy live foliage foragers decreased, as 
did some members of arthropod-foraging generalist guilds in the canopy and for all 
understory guilds. Thrush species, which are leaf litter arthropod and fruit-foragers, all 
decreased for at least one post-storm treatment, which was expected considering that leaf 
litter was initially reduced by storm surge (Barrow et al. 2007). Likewise, the abundance 
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of canopy air space foragers and open space arthropod and seed-eating ground foragers 
increased as expected since the storms resulted in more open areas in the cheniere. In 
some cases the post-storm changes in abundance were more consistent between species 
members, for example members of both the understory and ground guilds had more 
similar changes than did members of the canopy and subcanopy guild. For some guilds, 
patterns were inconsistent across all species members. This result was most noticeable 
with guilds containing a greater number of species, such as live foliage and arthropod and 
fruit-foraging canopy and subcanopy guilds, which is not surprising considering variation 
between species in dietary preferences, foraging behavior, and capture vulnerability. 
Despite some expected changes in migrant abundance after the hurricane impact, 
the variation in response among guilds makes it difficult to evaluate the effect of 
hurricane disturbance on migrant abundance. Perhaps this variation could be explained 
in part by differences between species response to habitat disturbance and associated 
changes to the abundance of resources. A review by Parrish (2000) discusses numerous 
studies where no consistent relationships were detected between avian community 
assemblage during migration and vegetation characteristics, which he suggests is 
attributable to differential responses between species to habitat structure and 
composition. A previous study (Barrow et al. 2000) in cheniere forest found that some 
species, namely frugivores, nectarivores, dead leaf foragers and early-arriving migrants, 
were less abundant in sites with degraded understory vegetation, which suggests that 
some species are more vulnerable to disturbance-related habitat changes whereas others 
are more resilient. This makes more sense when considering that some species are 
foraging generalists whereas others are more specialized. Some species exhibit greater 
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plasticity in foraging maneuvers but exhibit less variation in their use of different 
foraging substrates. For example, a study that focused on the foraging maneuvers of 
several warbler species during migration, detected shifts in the types of maneuvers used 
but that there appeared to be a limit to the amount that species shifts from usual foraging 
patterns (Martin and Karr 1990). 
Other factors could contribute to the variation in response between guilds and 
species: (1) Many species included in these analyses are regularly captured or observed in 
low numbers. For mist net data, both the leaflitter arthropod-foraging and understory 
arthropod and fruit-foraging guilds were comprised of two species with one species 
comprising the majority of individuals (Northern Waterthrush and Gray Catbird 
respectively). With a minimum sample size of 10 individuals per treatment group, it is 
possible that low capture rate species are making it more difficult to detect patterns. If 
this study was repeated with a higher minimum sample size, less species would be 
included in the analyses, but perhaps the results would be more consistent. (2) 
Considering the location of chenieres along the northern coast of the Gulf of Mexico, an 
ecological barrier, one might not expect migrant abundance to change. Although some 
evidence suggests that some migrants may choose not to stop along the coast if they have 
sufficient fat reserves to continue north (Gauthreaux 1972), many other migrants do stop 
regardless of the condition of stopover habitat. During spring migration, most birds that 
land in these coastal stopover sites may not select to land, rather are forced to stop 
because they are in depleted condition or because of harsh weather conditions. (3) 
Migrant abundance at coastal stopover sites is strongly affected by weather conditions 
and prevailing wind direction (Able 1973; Richardson 1978). During severe storms or 
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strong winds that are inconsistent with travel direction that coincide with high volume of 
migrants may force thousands of birds to land in the first stopover habitat encountered, 
i.e. a fallout ( e.g., Lowery 1945, 1946; Gauthreaux 1971, 1972; Moore 1999). Both the 
frequency and timing of fallouts during a given migration season influence migrant 
abundance within a particular stopover site, which could potentially skew results and 
contribute to difficulty in detecting a relationship between habitat disturbance and avian 
abundance at the site level. (4) It is also possible that vegetation community changes 
could impact the mist net capture likelihood of some migratory birds. With the large 
scale removal of trees after the storms the site has become more open, which resulted in 
many of the nets becoming more exposed which may decrease capture frequency for 
certain migrants. On the other hand, capture likelihood is likely to increase when form 
birds flocks, as movement rates increase they are more likely to be captured in mist nets. 
Perhaps flocking propensity is affected by the changes in habitat, which could also 
impact capture likelihood in mist nets. Additionally, there may be an increase in the 
movement rate or habitat use as migrants search for food. For example, the increase in 
captures and observations of Eastern Kingbirds within the study site could be related to 
the species changing movement and foraging behavior in response to post-hurricane 
changes in resource availability and distribution (i.e. fruit and arthropods). For species 
that experienced greater disturbance impacts to preferred foraging substrates and/or food 
resources, individuals may have compensated by shifting their typical foraging strategies. 
For example, since canopy cover has been reduced, species that are typically canopy 
foragers may shift to forage at lower strata in the vegetation, which could potentially 
increase their capture likelihood and thus skew results by changing the capture rate for 
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those species that have changed their habitat use in the post-hurricane landscape. 
Although there was a significant decrease in arthropod abundance for all three tree 
species sampled, there are many other locations where they could have increased. For 
example, in 2010 there were large numbers of aphids observed on some of the 
herbaceous plants that comprise the understory and ground layers. Migrants might shift 
their typical foraging behaviors and locations to compensate for these changes in 
resources. These are some of the possible scenarios that could occur if species exhibit 
greater flexibility in habitat use in the post-hurricane landscape. 
More research is needed to understand the foraging ecology of migrant species 
throughout the annual cycle, particularly during migration when birds encounter many 
different habitat types of variable and unpredictable quality. While it is possible that 
post-storm habitat changes could impact habitat quality and thus the abundance of 
migrants that could be supported, the results of this study are inconclusive. As mentioned 
in Chapter I, coastal forest habitats in southwestern Louisiana tend to concentrate large 
numbers of migrating birds during passage, and may continue to do so even when highly 
disturbed. Perhaps an examination of the stopover ecology of individual migrants that 
have stopped over in the disturbed cheniere, notably stopover duration and fuel 
deposition rate, would provide greater insight into the effects that hurricane disturbance 
to habitat may have on migratory songbirds. 
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CHAPTER III 
EFFECTS OF HURRICANE DISTURBANCE ON THE 
STOPOVER BIOLOGY OF LANDBIRD MIGRANTS 
Introduction 
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Nearctic-neotropical migratory birds spend an estimated 30% or more of the 
annual cycle migrating between breeding and wintering grounds ( e.g. Newton 2008). 
During migration, most of the time and much of the energy expended takes place at 
stopover sites along the migration route (Hedenstrom and Alerstam 1997). The presence 
of suitable stopover habitat where en route migrants can safely rest and quickly refuel is 
important to a successful migration, especially in relation to ecological barriers such as 
the Gulf of Mexico ( e.g. Moore and Simons 1992). Habitat quality can affect the rate 
that at which a migrant replenishes depleted fuel loads ( e.g. Schaub and Jenni 2001 ; 
Dunn 2002), and studies have found that birds that are able to rapidly replenish depleted 
fat stores increase their likelihood of a successful migration ( e.g. Smith and Moore 2003, 
2005; Moore et al. 2005). Ktitorov et al. (2008), for example, found a positive 
relationship between the amount of woody habitat cover and mass gain of forest-dwelling 
migrant species and discovered that some species appear to require a minimum amount of 
habitat cover in relation to fuel deposition. 
Habitat suitability becomes especially critical when long-distance migrants 
negotiate geographical barriers. Woodlands and wooded barrier islands along the 
northern coast of the Gulf of Mexico give spring migrants a place to rest and replenish 
energy reserves following nonstop trans-Gulf flight nonstop flights (18-24 hr) of greater 
than 1,000 km, and also provide the last possible stopover for migrants to deposit critical 
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reserves before they making southbound flights in fall (Moore and Kerlinger 1987). It is 
possible that change to and fragmentation of isolated coastal stopover habitats could 
impact the stopover biology of migratory birds. Since migration is a period of high 
mortality (Sillett and Holmes 2002), it may be especially important to understand how 
disturbances that significantly impact stopover habitat and food availability might affect 
the stopover ecology of migrants. 
Two major hurricanes, Rita (2005), and Ike (2008), recently impacted 
southwestern Louisiana, and altered the coastal forest habitat. Ongoing research on the 
spring stopover biology of landbird migrants has been conducted at a long term study site 
near Johnson Bayou, LA ( e.g., Moore 1999), which was directly impacted by both 
storms. The post-storm habitat had much less woody vegetation in the subcanopy and 
canopy. Dead trees, shrubs and vines, fallen debris and herbaceous groundcover became 
more prominent and overall vegetation density was lower after the hurricanes (See 
Chapter I). These habitat changes may have affected the stopover biology of migratory 
birds following movement across the Gulf of Mexico. The two storms may have 
increased habitat suitability for some species ( e.g. members of the open area arthropod 
and seed-eating guild) and decreased habitat suitability for other species ( e.g. canopy 
foragers). The following predictions were based on the expectation that a migrant's 
habitat preferences during migration would affect their ability to efficiently and 
successfully find and exploit resources available in the disturbed landscape. 
Canopylsubcanopy 
Fuel deposition rate (FDR) should decrease for canopy and subcanopy foraging 
species following Hurricanes Rita and Ike, particularly for live foliage gleaners. Because 
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of the loss of tree cover at the site, species that typically forage on live foliage in the 
forest canopy may have greater difficulty finding sufficient amounts of food to deposit fat 
and gain mass in a timely fashion. It is less clear what to expect with stopover length. 
Previous studies suggest that when habitat becomes less suitable for a species, stopover 
length will decrease ( e.g. Moore and Simons 1992). On the other hand, lean individuals 
arriving with depleted energy reserves may have longer stopover lengths because of 
refueling that is necessary to continue migration ( e.g. Moore and Kerlinger 1987; Kuenzi 
and Moore 1991 ). Canopy foraging birds that arrive in depleted condition may stay 
longer to replenish fuel, whereas those that arrive with residual fat may choose to leave 
sooner. Unless birds exhibit high flexibility in foraging sites, it is likely that species that 
typically forage on live foliage may be unable to find enough food to quickly deposit fat 
and gain mass at the site, which may result in them either leaving the site sooner or 
staying longer while searching for food. 
Understory 
FDR should initially decrease for species that are primarily insectivorous, but 
could increase in the years following each storm as vegetation recolonizes the shrub 
layer. The loss of live shrub foliage may result in less available food resources for some 
species, which may result in decreased ability to gain mass in the first year following 
each hurricane. On the other hand, rapid recolonization of vegetation may increase the 
availability of food resources, which could lead to more rapid mass gain. Stopover 
duration was expected to initially increase in the first year after each storm, but then 
decrease as habitat quality improves because of understory regeneration with each year 
after each hurricane. It is unclear whether stopover duration will change, but if the site 
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becomes more suitable for shrub foragers, low fat birds will have greater opportunity to 
quickly replenish fat stores and gain mass, which would result in shorter stopover 
durations for these species ( e.g. Kuenzi et al. 1991 ). 
Ground 
FDR should be negatively impacted for most leaf litter foraging species, 
particularly those that are insectivores. Post-disturbance changes in forest floor 
composition (i.e. amount of leaf litter, fallen debris and vegetation) may result in initial 
declines in food resources available for ground foragers. On the other hand, species that 
forage on both fruit and arthropods in the leaf litter may not experience a decrease in fuel 
deposition rate because of greater flexibility in their use of available food resources. 
Lastly, it was predicted that the fuel deposition rate will increase for ground foraging 
species that feed on insects and/or seeds found in more open habitats. With an increase 
in the amount of seed-producing weedy plants in the years post-disturbance, seed-eating 
species will have greater opportunity to find adequate food resources to rapidly gain 
mass. This may not be true, however, for the first year after each hurricane since it 
likely takes at least a year for these early successional species to become established 
and/or introduced to the site after storm surge scoured out the forest floor. Stopover 
length was not expected to change for leaf litter foraging species because post hurricane 
changes to the forest floor may initially create less suitable stopover habitat for ground 
foragers. These habitat changes could possibly lead to an increased stopover for ground 
foragers arriving in depleted energetic condition, whereas those arriving with fat stores 
may leave earlier. On the other hand, in areas not blanketed with debris piles, ground and 
understory vegetation recolonization may quickly occur, with the forest floor potentially 
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becoming similar to pre-storm conditions. Perhaps this re-growth, along with 
decomposition of storm debris and replenishment of leaf litter could lead to increased 
stopover habitat quality and decreased stopover length for ground foraging species with 
each year succeeding the first post-hurricane year. For open area foragers stopover 
length was expected to decrease post-hurricane due to soil disturbance, vegetation 
removal opening the site allowed early successional plant species to become more 
dominant in the understory and ground layer. This may lead to a temporary increase in 
habitat quality for bird species that feed primarily on seeds with each year after the first 
post-storm as vegetation recolonization occurs. 
Methods 
Data were collected from a long-term research station (29°45'N, 93°37'W) 
located within a coastal chenier forest near Johnson Bayou, Louisiana. During each 
spring migration seasons of 1993 through 2011, the last week of March through the first 
week of May, birds were captured using 28-30 mist nets (12 x 2.6 m with 30 mm mesh) 
daily between 0700 - 1600 CST. Since the banding period differed somewhat between 
years, data were used for the period 28 March through 6 May of each year to calculate the 
following variables: stopover duration (SD) and fuel deposition rate (FDR). Data were 
analyzed from recaptured individuals whose first capture was at 1100 or later to be sure 
that measured variables were more likely to represent birds that had recently arrived at 
the site. This is based on studies that revealed that most migrants arrive on the coast from 
about 1000 to later afternoon after non-stop trans-Gulf flights (Gauthreaux 1971). 
Additionally, data were analyzed only for individuals that stayed at least one night at the 
site, therefore birds that had a stopover duration of less than one day were eliminated 
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from analyses. This is based on the assumption that the majority of individuals left the 
site, therefore data used represents individuals that stopped over at the site. Using these 
criteria, SD and FDR were compared pre- and post-storm for all focal species from each 
guild that had a minimum sample size of 10 recaptured birds from each treatment. Not 
all guilds have a focal species representative because of low sample sizes of recaptured 
individuals of many species. For species that had sufficient sample sizes pre-storm, but 
did not for at least one of the initial post-storm treatments (i.e. 2006 and/or 2009), data 
from the two post-storm treatment periods were pooled. The species that had sufficient 
sample sizes for a three treatment analysis were Black-and-white warbler, Gray Catbird, 
Hooded Warbler, Kentucky Warbler, Red-eyed Vireo, Tennessee Warbler, and White-
eyed Vireo. Species analyzed with a two treatment analysis were: Gray-cheeked Thrush, 
Indigo Bunting, Northern Waterthrush, Ovenbird, Summer Tanager, Swainson's Thrush, 
Worm-eating Warbler, and Wood Thrush. SD was calculated by subtracting the last 
capture date from the first capture date. The overall mass change (the difference between 
mass at last capture and mass on first capture) was divided by SD to determine the FDR. 
A one-way ANOV A was used to compare pre-storm data (1993-2005) to each post-storm 
treatment (Initial: 2006 and 2009, Overall: 2006-2008. 2009-2011 ), with year nested 
within storm treatment and included as a random factor. Because stopover length data 
are non-normal due to ordinal data truncation at 1, non-parametric tests were used to 
compare SD between storm treatments. When p-value indicated a significant difference 
between treatments, a Wilcoxon post-hoc nonparametric multiple comparisons test was 
used to identify where the difference was found. 
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Results 
Canopylsubcanopy 
Throughout the canopy and subcanopy foraging guild, about half of the species 
had a decrease in FDR for at least one of the post-storm periods. For the Red-eyed vireo, 
an insectivorous live foliage canopy forager, both FDR and SD decreased during the 
three year period following Hurricane Rita, with SD increasing after Hurricane Ike (Table 
21,22). For the Black-and-white warbler, an insectivorous bark forager, FDR was 
slightly less in both post-storm periods and SD was slightly higher. Contrastingly, for the 
Tennessee Warbler, a member of the arthropod, fruit and/or flower forager in the canopy, 
FDR increased with each post-storm period, whereas SD decreased with each. The 
decrease in SD in post-Ike years was significantly less than SD in Pre-storm and Post-
Rita periods. 
Table 21 
Results of a nonparametric analysis on the fuel deposition rate of focal species with 
adequate sample sizes for each treatment before (1993-2005) and after Hurricanes Rita 
(2006-2008) and Ike (2009-2011) 
CANOPY/ 
SUBCANOPY 
Live foliage 
Red-eyed vireo 
Bark foraging 
Pre-storm 
(1993-2005) 
Post-Rita 
(2006-2008) 
Post-Ike 
(2009-2011) 
n Mean± SD n Mean± SD n Mean± SD 
Storm effects 
F p 
53 -0.02 ± 0.67 13 -0.19 ± 0.54 11 0.04 ± 0.29 Fc2. 37)=0.4 p=O. 70 
Black-and-white warbler 69 0.22 ± 0.55 15 0.05 ± 0.38 25 0.08 ± 0.57 Fc2. 1 s)=l.2 p=0.32 
Arthropod, fruit and/or 
flower-foraging 
Tennessee warbler 
White-eyed vireo 
UNDERSTORY 
Arthropod-foraging 
Hooded warbler 
Kentucky warbler 
44 0.14±0.24 17 0.33±0.73 38 0.42±0.47 Fc2. 16)=2. l p=0.16 
54 0.24 ± 0.54 21 0.23 ± 0.31 27 0.41 ± 0.46 Fc2. 14)=0.9 p=0.41 
122 0.17 ± 0.36 30 0.01 ± 0.32 24 0.39* ± 0.27 Fc2. 71>=7.9 p=0.0008* 
102 0.20±0.40 14 0.11 ±0.45 22 0.38±0.49 Fc2.33)=1.7 p=0.20 
Table 21 ( continued). 
Arthropod and fruit-
foraging 
Gray catbird 
Pre-stonn Post-Rita Post-Ike 
n Mean± SD n Mean± SD n Mean± SD 
Stonn effects 
F p 
108 0.60 ±1.24 24 0.42 ± 1.02 24 0.04 ± 1.49 Fc2, 19)=0.4 p=0.67 
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Note. Foraging guilds are bold. Focal species had a minimum of IO recaptured individuals per treatment. Sample size (n), 
mean, and standard deviation are provided for each storm treatment. For stonn effects, the F ratio (df) and test statistic are 
provided with a significance value. An asterisk indicates statistical significance. 
Table 22 
Results of a nonparametric analysis on the stopover duration of focal species with 
adequate sample sizes for each treatment before (1993-2005) and after Hurricanes Rita 
(2006-2008) and Ike (2009-2011) 
CANOPY/ 
SUBCANOPY 
Live foliage 
Red-eyed vireo 
Bara foraging 
Black-and-white 
warbler 
Arthropod, fruit 
and/or flower-
Tennessee warbler 
White-eyed vireo 
UNDERSTORY 
Arthropod-foraging 
Hooded warbler 
Kentucky warbler 
Pre-stonn Post-Rita Post-Ike 
(1993-2005) (2006-2008) (2009-2011) Stonn effects 
Mean Rank Mean Rank Mean Rank 
n ±SD sum n ±SD sum n ±SD sum 2 X (dt) p 
2.51 ± 3.69± 1.64 ± 
53 2.30 2055.5 13 4.75 609.5 11 0.81 338.0 2 X (2)=3.4 0.18 
2.06± 2.67 ± 2.00± 
69 1.46 3676.0 15 1.80 992.0 25 1.25 2 1327.0 X (2)=2.4 0.30 
2.84 ± 2.18 ± 1.45* 
44 2.37 2607.0 17 1.51 879.0 38 ± 0.65 1464.0 x2(2)=12.2 0.002* 
2.31 ± 3.43 ± 1.93 ± 
54 2.18 2652.o 21 3.06 1291.5 21 1.04 1309.5 x\2)=3.4 0.19 
2.53 ± 3.10 ± 1.96 ± 
122 2.28 11050.5 30 3.68 2725.0 24 1.43 1800.5 x2(2)=2.2 0.34 
2.79 ± 3.86 ± 2.64 ± 
102 2.18 6867.o 14 t.83 1300.0 22 t.97 1424.o x\2)=5.7 0.06 
Table 22 (continued). 
Arthropod and fruit-
foraging 
Pre-stonn 
(1993-2005) 
Mean Rank 
n ± SD sum 
Post-Rita 
(2006-2008) 
Mean Rank 
n ± SD sum 
Post-Ike 
(2009-2011) 
Mean Rank 
n ± SD sum 
2.74 ± 2.83 ± 1.92 ± 
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Stonn effects 
2 
X (df) P 
Gray catbird 108 2.50 8597.5 24 2.35 2039.5 24 1.14 1609.o x\2>=2.3 o.31 
Note. Foraging guilds are bold. Focal species had a minimum of IO recaptured individuals per treatment. The sample size 
(n), mean, standard deviation, and rank sum value are provided for each storm treatment. For storm effect, the x2 df and test 
statistic are provided with a significance value. An asterisk indicates statistical significance. 
Different trends were observed for the other two species members of this guild: 
for the White-eyed Vireo FDR did not change after Hurricane Rita but was slightly 
higher after Hurricane Ike with SD increasing after Rita and decreasing after Ike; for the 
Summer Tanager FDR decreased slightly and SD did not change (Table 23,24). 
Table 23 
Results of a nonparametric analysis on the fuel deposition rate of focal species analyzed 
in fl.vo treatments due to low post-storm sample size, with pre-storm data (1995-2005) 
compared to pooled post-Hurricanes Rita and Ike (2006-2011) data. 
CANOPY/SUBCANOPY 
Arthropod, fruit and/or flower-
foraging generalist 
Sununer tanager 
UNDERSTORY 
Suspended dead leaf 
Worm-eating warbler 
Pre-stonn Post-Rita and Ike 
(1993-2005) (2006-2011) Stonn effects 
n Mean± SD n Mean± SD F p 
48 0.21±1.38 23 0.08±1.49F(l,27)=1.8 p=0.19 
45 0.11 ± 0.48 31 0.15 ± 0.44 F(I, 29)=0.5 p=0.50 
Table 23 ( continued). 
GROUND 
Leaf litter arthropod-foraging 
Ovenbird 
N orthem waterthrush 
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Pre-storm Post-Rita and Ike 
(1993-2005) (2006-2011) Storm effects 
n Mean± SD n Mean± SD F p 
69 0.25 ± 0.66 19 0.16 ± 0.62 Fc1 ,6s)=0.6 
52 0.32 ± 0.52 24 0.36 ± 0.47 F(l , 23)=0. l 
p=0.46 
p=0.74 
Leaf litter arthropod and fruit-
foraging 
Gray-cheeked thrush 
Swainson's thrush 
Wood thrush 
44 1.12 ± 0.94 12 0.78 ± 0.87 F(l , 24)=1.5 
28 0.31 ± 0.97 21 0.48 ± 0.69 F(l , 2s)=0.4 
71 0.94 ± 1.27 17 0.89 ± 1.04 F(l, 3o)=0.17 
p=0.22 
p=0.54 
p=0.68 
Open space arthropod and seed-
eating 
Indigo bunting 142 0.07 ± 0.43 125 0.16 ± 0.30 F(l, 22)=0.0001 p=0.99 
Note. Foraging guilds are bold. Focal species had minimum of 10 recaptured individuals per treatment when post-storm 
treatments were combined. The sample size (n), mean, and standard deviation are provided for each storm treatment. For 
storm effect, the F ratio (dt) and test statistic are provided with a significance value. An asterisk indicates statistical 
significance. 
Table 24 
Results of nonparametric analysis on the stopover duration of focal species analyzed in 
two treatments due to low post-storm sample size with pre-storm data (1995-2005) 
compared to pooled post-Hurricanes Rita and Ike (2006-2011) data. 
CANOPY/SUBCANOPY 
Arthropod, fruit and/or 
flower-foraging 
Stnnmer tanager 
UNDERSTORY 
Suspended dead leaf 
Worm-eating warbler 
Pre-storm 
(1993-2005) 
Mean± 
n SD Rank stun n 
Post-Rita and Ike 
(2006-2011) 
Mean± 
SD Rank stun 
1.98± 
48 l.30 
1.96± 
1753.5 23 1.33 802.5 
Storm effects 
s p 
Sc1l=802.5 0.73 
1.80 ± 
45 1.04 
2.74± 
1630.5 31 2.31 1295.5 s(1)=1295.5 0.25 
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Table 24 ( continued). 
Pre-storm Post-Rita and Ike Storm effects 
Mean± Mean± 
GROUND n SD Rank sum n SD Rank sum s p 
Leaf litter arthropod-foraging 
2.49± 1.42 ± 
Ovenbird 69 1.80 3313.5 19 0.84 602.5 S(t)=602.5 0.008 
3.25 ± 4.25 ± 
N orthem waterthrush 52 2.46 2059.0 24 6.20 867.0 s(l>=867 0.51 
Leaf litter arthropod and 
fruit-foraging 
2.50± 2.17 ± 
Gray-cheeked thrush 44 1.62 1282.0 12 1.27 314.0 s(l)=31 4 0.56 
2.36± 2.00± 
Swainson's thrush 28 1.81 744.5 21 1.76 480.5 s<l)=480.5 0.33 
3.03 ± 2.06± 
Wood thrush 71 2.06 3337.0 17 1.52 579.0 s(l>=579 0.05 
Open space arthropod and 
seed-eating 
3.19 ± 2.61 ± 
Indigo bunting 142 2.73 20119.0 125 1.98 15659.0 S(l)=15659 0.07 
Note. Foraging guilds are bold. Focal species had minimum of 10 recaptured individuals per treatment when post-storm 
treatments were combined. The sample size (n), mean, and standard deviation are provided for each storm treatment. For 
storm effect, df and test statistic are provided with a significance value. An asterisk indicates statistical significance. 
Under story 
For the Worm-eating Warbler, a suspended dead leaf forager, both FDR and SD 
increased post-storm (Table 23, 24). For species representatives of the understory 
arthropod-foraging guild, the Hooded and Kentucky Warblers, FDR decreased Hurricane 
Rita and increased after Hurricane Ike with a significant increase for the Hooded Warbler 
(Table 21 ). For both species, the SD increased after Hurricane Rita followed by a 
decrease after Hurricane Rita (Table 22). For the Gray Catbird, representative of the 
understory arthropod and fruit foragers, FDR was lower after the storms (Table 21) and 
SD decreased only after Hurricane Ike (Table 22). 
Ground 
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Response differed between species in the leaf litter arthropod foraging guild; for 
the ovenbird, FDR decreased after the storms and SD was significantly less post-storm 
and for the Northern Waterthrush no difference was detected in FDR between pre and 
post storm periods there was a slight increase in SD (Table 23, 24). Response also varied 
among species in the leaf-litter arthropod and fruit-foraging guild; both FDR and SD 
decreased for the Gray-cheeked Thrush and the Wood Thrush, whereas FDR increased 
and SD decreased for the Swainson's Thrush (Table 23, 24). For the Indigo Bunting, and 
open space arthropod and seed-eating species, FDR increased while SD decreased after 
the hurricanes (Table 23, 24). 
Discussion 
Hurricane-caused habitat disturbance affected the biology of landbird migrants in 
a variety of ways. Some trends appeared within certain guilds consistent with 
expectations regarding fuel deposition rate and stopover duration. For example, canopy 
and subcanopy foragers (Red-eyed Vireo, Summer Tanager and Black-and-white 
Warbler) generally decreased their fuel deposition rate following the hurricanes. Not 
only was foraging space reduced for this group of species, arthropod abundance was 
depressed following the two storms, which may help explain the lower post-storm FDR. 
The decrease in FDR for the Black-and-white Warbler was unexpected since live tree 
cover was more impacted than the amount of bark. On the other hand, the loss of tree 
cover likely reduced the amount of bark available as a foraging substrate at canopy and 
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subcanopy heights, possibly reducing the amount of food available. Tennessee Warbler's 
FDR was higher in both post-storm periods, which may be a reflection of a propensity to 
vary diet and take advantage of unpredictable resources that become available in a 
disturbed environment. Stopover duration tended to increase among these species, which 
is not unexpected since stopover duration usually shortens with increasing fuel deposition 
rate (e,g, Moore and Kerlinger 1987; Yong and Moore 1997). 
For understory foraging species (Hooded Warbler, Kentucky Warbler, and Gray 
Catbird), FDR decreased after Hurricane Rita yet increased after Hurricane Ike. This 
increase was surprising in light of the loss of much of the understory vegetation. On the 
other hand, rapid increases in early successional herbaceous plants, debris and woody 
saplings in the understory strata after the storms might have offset the loss of food 
resources for the warbler species. The continued decrease in FDR for the Gray Catbird 
after Hurricane Ike was not expected considering that this species has a more flexible diet 
than the warbler species mentioned. It was expected that understory foraging species that 
feed on both fruits and arthropods during spring migration would benefit from post-
disturbance increases in early successional spring fruiting plant species such as 
Blackberries (Rubus spp.) and Nightshades (Solanum spp.) that were observed in 2008 
and 2009 (Lain pers. obs.). However, fruit abundance can be unpredictable spatially and 
temporally, and is affected by weather patterns such as the droughts that occurred in 2010 
and 2011 where not much fruit was observed during spring migration (NOAA drought 
assessment). FDR did not change for the Worm-eating Warbler, a dead-leaf understory 
forager. Although much of the vegetation in the understory was lost, there was an 
increase in the amount of hurricane debris (i.e. grasses, leaves, etc.) suspended in clumps 
on branches, thus providing foraging substrate for this species (Lain, pers. obs). For 
understory foragers, changes in SD were expected in relation to FDR patterns. 
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Among ground foragers, FDR decreased after the storms for some species 
(Ovenbird, Gray-cheeked Thrush, and Wood Thrush), remained the same for the 
Northern Waterthrush, and increased for the Swainson's Thrush and the Indigo Bunting. 
Decreases were expected for all of the forest-dwelling, leaf litter foraging species but 
results were inconsistent across these species. The increase in FDR was expected for the 
Indigo Bunting, since there was an increase in early-successional, herbaceous plant 
species that produce an abundance of seeds. Otherwise, guild specific storm-response 
was not apparent in the analysis of my data set, which makes it difficult to determine 
whether the hurricane disturbance affected the ability of migrants to adequately replenish 
fuel stores. 
Various factors probably contributed to a lack of an obvious pattern, including: 
(1) yearly variation in the long term dataset. For both variables, some analyses revealed a 
significant variation between years. (2) Abundance and distribution of food resources 
such as arthropods, fruits and seeds are strongly influenced by both temporal and spatial 
variation in precipitation, temperature and other factors. Their abundance and 
distribution can also vary temporally throughout the migration season, with the 
availability of fruits and seeds being generally unpredictable compared to insects. 
Although significant decreases were detected in arthropod biomass, this represents live 
branches of three tree species that were clipped within reaching distance of the person 
collecting the sample. Since samples were not also collected higher in the forest canopy, 
or on leaf litter, bark, dead branches, or from other plant species, it is difficult to truly 
83 
estimate the overall arthropod abundance at the site available to migrants. (3) Another 
factor that could influence results is variation in weather conditions during the migration 
season, particularly the frequency of fallout days. Unless weather or wind conditions are 
not conducive for migration and force birds in different conditions to land, most of the 
birds that stop along the coast instead of continuing northward will arrive in depleted 
condition. (4) Studies have shown that fuel deposition rate is condition dependent, with 
higher fuel deposition rates for leaner birds, which tend to forage more rapidly and 
diversify feeding techniques (Moore and Simons 1992). (5) Temporal variation in fuel 
deposition rate may vary with foraging success and food availability, which can make it 
more difficult for a species to assess the overall quality of a stopover habitat which could 
increase their stopover duration (Schaub and Jenni 2001). 
If the storms did not impact migrant fueling rate or duration of stopover, one 
possible explanation is that many bird species exhibit plasticity in foraging behavior 
during migration. Since birds encounter many different, unpredictable, habitat types and 
novel foraging substrates, it makes sense for species to be flexible in their habitat use and 
foraging behavior. Studies have found that birds adjust fuelling rate by foraging faster to 
compensate for depleted fat reserves during migration, and in these situations they often 
will also expand their repertoire of foraging techniques used (Loria and Moore 1990; 
Moore et al. 1990; Lindstrom 1991 ). Others have found that migratory bird species 
exhibit higher flexibility, or plasticity (Martin and Karr 1990; Moore et al. 1995), in 
habitat use during migration than in breeding or wintering season, which allows them to 
exploit habitats and resources that may be very different than previously encountered. 
Additionally, since most migrants that arrive in coastal stopover habitat most likely are 
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forced to land due to inhospitable weather or depleted energetic condition upon arrival, 
those that stopover must contend with resources available at the site. Although there are 
probably limits to the degree of flexibility in migrant foraging when they land in 
disturbed habitat, it is possible that most species are able to compensate and adjust their 
habitat use and foraging behavior to adequately exploit resources that are available. 
Studies that investigate these possibilities could provide greater insight into the impacts 
of hurricane disturbance on migratory bird species. 
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